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TRANSLATOR'S PREFACE. 



In completing the task confided to me hj the Gonncil of the New 
Sydenham Society^ I think it necessary to explain that the following 
pages do not consist of mere translations of the Essay of Professor 
Schroeder van der Kolk on the Spinal Ciord, originally published 
by the Boyal Academy of Sciences at Amsterdam, in 1854, and of 
his Treatise upon the Medulla Oblongata and Epilepsy, published by 
the same learned body in 1858. The distinguished author has 
kindly sent me so large an amount of additional matter, together 
with alterations of two or three portions of the original, in reference 
to which his views have undergone some modification, that the 
present must be considered as a second edition of the above 
inq)ortant works, enlarged and carefully revised by their author. 

Under his direction, the appendix to the Dutch edition of the 
Essay on the Spinal Cord has been interwoven with the text. A 
German translation by Professor Theile, of Weimar, will shortly be 
published, in which the two works have been thrown yet more 
completely into one. The Council of the New Sydenham Society 
has, however, determined, that while both treatises shall be pubh'shed 
in one volume, with a common index, they shall in other respects be 
kept distinct. 

There is probably no part of the human body, which is more 
highly calculated to excite our admiration of the infinite skill dis- 
played in its construction, than the nervous system, nor is there 
any portion of the Creator's work where the adequate adaptation 
of means to end, is more wonderfully shown, than in the mechanism 
by which the coordination of movements is provided for. To the 
elucidation of this mechanism the present volume contains some 
valuable contributions. 



m PREFACE. 

The tothor^f ohsenratioiiB on the influence of the corpora oliTaria 
in the trticulition of words, and on the yarietj of lesions of speech 
which accompany morbid affections of different parts of the brain 
and medulla oblongata, are, I think, worthy of especial attention. 

His rt^mnrks on the intermittent character of many conYuIsive 
and neuralgic attacks, which are yet dependent on persistent causes, 
are calcubted to afford much important aid in the establishment of the 
diagnofin in some difficult cases, where the most regularly recurring 
flti of s(?vere suffering; though perfectly intermittent, are nevertheless 
the rernilt of intense organic disease. 

Not lens important, are the results of the measurements made by 
the autlior, of the diameters of the capillaries of the medulla oblon- 
gata in cases of epilepsy, whence he infers that in patients who do 
not bite their tongues during a fit, the vessels are more liable to be 
diUted in the course of the vagus, and that from the consequent 
disturbance of the organs of respiration, the paroxysms are in such 
• instances more dangerous to life. 

Lastly, the indications laid down for the rational treatment of 
epilepsy are deserving of attentive consideration. I am glad to 
know that the valuable essay by Kussmaul and Tenner, on epfleptic 
convulsions as consequent on large losses of blood, which is quoted 
by the Professor at page 209, is in course of translation for the New 
Sydenham Society, and will soon be issued to its Members in a com- 
plete form. 

The foregoing are some of the more important practical points 
dwelt upon in the following pages. In conclusion, I gladly take 
this opportunity of expressing my sense of obligation to the 
distinguished author of the original works for his kind cooperation 
during the progress of the task intrusted to me. I have had the 
privilege, while engaged in this translation, of constant corre- 
spondence with him, and of consulting him on all subjects in 
reference to which I might feel in any doubt. He has carefully 
revised each sheet while passing through the press, thus affording to 
*he reader the best possibht guarantee, that however the translation 
DJay fafl {j^ composition, it faithfully conveys the author's meaning. 



PREFACE. ix 

I am also under obligation to Mr. Benjamin Wills Bichardson^ 
one of the Examiners in the Boyal Goll^ of Surgeons in Ireland, 
who has taken the trouble of revising the translation, both in 
manuscript and in proofs. To Mr. Hutchinson, the indefatigable 
Secretary of the New Sydenham Society, I am indebted for nume- 
rous suggestions and much valuable assistance. The plates have 
been carefully copied, by Mr. Tuffen West, from those in the 
original work, which are after drawings from nature by the author 
himself. 
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!nie grouping of the different figures has been altered somewliat 

om that of the original work. In transference from the 4to. to 

je 8to. form this was unavoidable. It is hoped that^ with the 

id^ of the subjoined list, the reader will not experience any 

Jiffieolfy in finding the several displaced Figures. 
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Fig. 7 see Plate IV. 
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Fig. 8 see Plate III. 
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Fig. 11 see Plate V. 
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Fig. 12 see Plate IV. 
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Fig. 13 see Plate V. 
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CHAFTEB L 

HISTORIC aUVICU OF INTKIGATIOnB AS TO TBM MUUfft 
STBUCTUSS OF THS aPIHAL COBII. 

The examinatioii of the inthnate slruciiire of the fanm and sfibul 
cord is, undoubtedly, one of the most difficult inTrsrigatiffns in 
minute anatomy. The peculiar softness of these parts, the fiMt 
that they are destroyed by sli^it pressure, the exlraocdinaiy minute- 
ness and delicacy of their tissue (their primitive filaments being quite 
imperceptible to the naked eye, while it is with difBcuhy that, under 
a tolerably strong magnifiying power, a single thread can be fdAowed 
even for a very diort space) — lastly, the infinite number of the pri- 
mary filaments (which in many places interlace in the most varying 
manner, forming a network incapable of being unrardled) — are so 
many reasons why the most persevering ^brts at ^erj distingnished 
anatomists have led to such vaiying results, and wl^ great difference 
of opinion still exists in lefierence to the most important questions. 

Among these questions is tiiat of the difference between the white 
or medullary, and the grey substance. The latter contains in many 
places various ganghonic cells, from some of which issues an extremely 
fine network of nunified filaments, often very difficult to distinguish 
from the interposed web of minute blood-vessels, and the connec- 
tion of which with the medullary matter (white nerve, or cerebral 
filaments) is stfll far from being universally agreed upon and dearly 
demonstrated. 
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f Mmhi ,1rfn LtopoUL 1826» Tom. xviiL p. 131. 
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• Ai«. \i\i, \u, W«ry. 

II A. lUiimim, !h9 Ckrm^iurt, tm w nS ^ S e km MTtM hm Jl flli nrfyw d l f 
IMtmitfkHnffPn, in MuUcr'i .*rcA., 1840» p. 448. 
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detected the transverse fibres in the spinal cord {eommisiureij in 
biitls^ frogs and fishes, and thought he had satisfied himself that 
the cerebral fibres took their origin from ganglionic cells.''^ At a 
later period^ in his work on this subject, he says, that by mistake 
he had formerly, in stating that the fluid should have a Ught-yellow 
colour,t indicated a too concentrated solution. In this work he 
shows clearly the origin of the nerve fibres from the ganglionic cells 
in the cortical substance and gives good drawings of it4 He states 
that the fibres of the spinal cord descend perpendicularly, and curving 
at obtuse angles pass over into the roots of the jierves, the cerebral 
fibre and the nerve fibre having thus direct connection with each 
other.§ The transverse fibres he describes anew, without, however, 
having been able to trace them to the periphery of the medulla. 
A few of these would sometimes appear to bend round into the nerve- 
roots, || and portions of them do indeed pass from one to the other 
side of the cord, but no decussation takes place. Although he had 
observed them in birds, amphibious animak, and fishes, he had not 
been able to detect them plainly in any of the mammalia. Excepting 
in isolated instances in fishes, Hannover does not remember to have 
ever seen nerve fibres distinctly arising from the ganglionic cells in 
the spinal cord.i[ 

The conclusions of Stilling and Wallach ware quite different. These 
observes inferred tiiai the roots of the nerves ran transversely 
between the white columns of the q>inal cord and the grey matter, 
and were merely direct prolongations of the transverse fibres of the 
latter, the anterior roots decussating in the middle with the posterior 
roots from the other side of the spinal cord.''^ They considered thai the 
will acted chiefly through the grey matter.tt In this first essay they 
still confounded the ganglionic ceUs with dilated blood-vessels ; but 
tiie subsequent investigations of Stilling^^ are much more complete, 
and are, in general,' justly considered to be correct. In his later 
work he, indeed, describes the multi-polar ganglionic ceUs, but the 
connection between the nerve-roots and the spinal corpuscles, as 

* /. c. p. 555. 

t A. Hannovar, Bechercket JU^eroieopiquei ittr le Systhne Nerveux, Copen- 
hague, 1844. 

: /. e. p. 11, Figs. 1, 2, 11, 17, 22, 23. 

§ /. c. p. 12. II I c. p. 13. H Lc. pp. 16 and 19. 

** U^er dit Textwr dm RUekmmarkB, 1842, pp. 27,, et seg. 
ft L c, p. 38. IX Ueber die Textur der Medulla Oblong. Erl., 1843. 
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he caDs than, or gmn^onic oellBy was stiQ unkiiowii to him,* although 
he suspects Uiat they are closely oomiected with the motor power.t 
Although the origin of the nerve-roots from the grey snbeUncey so 
&r as it is TisiUe nnder low magnifying powers, is represented with 
the greatest accnracj by Stilling in his two most TalnaUe worksyj 
his investigations were, on account of the low magnifying powers 
employed, insufficient to show the more minute connection between 
the nerve-roots and the other fibres of the medoDa oblongata; while 
his experiments by partial transverse sections ot the qnnal c(»d 
showing that reflex movement is not prevented, and that evoi 
Tolontary motion remains beneath the divided part,§ described 
in an earlier essay, have had much influence in suggesting the 
idea of a local cross origin and decussation of the lyinal nerves. 
These experiments were instituted in consequence of some previously 
performed by our van Deen,|| and were for the most part in opposi- 
tion to the latter ; but they are scarcely capable of affording any 
eertainty as to the course of the very minute fibres in so com- 
plicated an organ. 

Yolkmann adopted quite another mode of showing that the nerves 
oould not run uninterruptedly through the spinal cord to the 
brain. Were this the case, he argued, all the filamente which are 
distributed as nerves throughont the body, must be present in 
the upper part of the cord, and the medulla spinalis should bear 
resemblance to a cone, that is, the medullary matter or white 
columns ought to be so much thicker in the cervical portion, as 
would be necessary to enable it to contain all the nerve filaments ;^ 
which is by no means the case. In this inference he was especially 
strengthened by his investigations on the spinal cord of a serpent 
(Crotalus mtUus), in which he reckoned not fewer than two hundred 
and twenty-one-pairs of nerves, whose united thickness exceeded the 
circumference of the spinal marrow at the second cervical nerve more 
than eleven times.** The nerve-roots, therefore, according to him 

• /. c. p. 47. t /. c. p. 5. 

I Veher die Med. Oblong.^ and on the Pons FaroliL Jena, 1846. 

\ Ueher da* Jiuckenmarky p. 35 ; especially also in his essay, UrUer- 
Kuchungen ueber die Functionen des Buckenmarki. Leipz. 1842, pp. 139 and 
152, Figs. 15 and 20. 

II Van Dcen, Nadere ontdekkingen over de eigenschappen van het Rtiggemerg, 
Leiden, 1839, pp. 27 and 61. 

Ii Volkmann, NervenrPhysiologie, in Wagner, Physiol. Wort, 2 B., p. 482. 
•• /. c. p. 485. 
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* HlSmRIC SKETCH. 

nection must exist between the senritive and motor nenes of the 
same trunk ; fur these reasons 1 endeavoured to ascertain whether 
a more accurate investi^'ation of the structure of the spinal cord 
would not enable me trace out this connection. 

Although tiie result of my examination of this diflBcult part did 
not entirely correspond to the exi)cctations I had formed, it appeared 
to me that my investijrations were capable of elucidating most 
questions as to the structure and functions of the spinal cord, 
and 1 felt that any contribution to the clearing up of this uncertain 
subject (in reference to which the numerous \ivisections which have 
been performed have led rather to greater perplexity than to the 
estiiblishment of fixed truths) could not be devoid of importance. 

I communicated tlie results of my investigations first provisionaUvin 
the Reports of the transactions of the section for Physical and Medical 

cnblr to thr rnirnl and tccintic ncn'cs, with all their branches. This law is 
rspiTinlly exiMnplifird in the third and fourth cervical nerves; these give 
bninchoM to the stomo-cloido-mastnid, and other cervical muscles which 
move the head laterally, and at the same time branches, which turn, and 
running; af^ain up\^ards, pass to the side of the head which is moved by 
thetie muNeleM; yet they pvo also muscular branehes to the levator anguli 
Mcapulie. and simultaneously desrondinp sensitive filaments running over 
the* shoulder and the claviele which are drawn up by the stemo-cleido- 
nuistoid and levator seapuhe. To animals also, this law is strictly appli- 
eahle. The reas«ui of the law is, that we should n(»t perceive the action 
of thr uiusrlfs thenisi-lves, nor thi-ir de«;ree of eontraetitm, if we did so we 
should he honi anmouiists ; the muscles themselves receive no true sensi- 
tivi* uiTv«'s. hut we obtain knowlcd<;e of their action throu^rh the change 
whieh in motion thry occasion in the sensitive skin; hence it follows that 
in loHiii^ sensation we an* also deprived of a measure of motion, and can 
no loiipT I'orreetly direet our movements. On the other hand, it appeared 
to lue, I hut a nuidrrtite irritation, such as tieklin^ or rubbing, produces a 
reth'N Muneiuent in tin* mu>eles whieh reeei\e motor branches from the 
Hiunr nervr-trunk ; I peree'ved this in paralw.ed perstms. and it is easily 
Heeu ill viTV youiip: rhildreu. in whom tiekliii*; the palm of the hand pro- 
diK-fN Mt'xin^ of the tiiitrers. and tiekliii|r the biiek of the hand causes e\- 
ti-iisioii of llir siime, so tluil this law is also applicabk' to the emplo\ mcnt 
lit TrHlion uitli \i>lalile liiiiiiunls, for the ]>urposo of rxeitinij the action 
nf uuiscU's. 'rioiN ill i\ niM' of paralysi'i, I sau i^ouerful rontrution of the 
Ihip'rs nxi'rriune b\ tVirtioii wiih volatile liniment on the back of the 
hand, ami in like manner I lie iiixolnntarlly tlexed arm evteiidt-d by similar 
fVietions on the hiiek i»f the forearm, (ijilvanism, Imwever, does not 
accurately follow the distribution oi* the nerves, but ixeites the several 
■nUHclON whieh are met with in the course of the current. 
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Science of the Provincial Society of Utrecht, on the 26ih of Jnne, 
1848,^ and subsequently brought them more in detail, and illustrated 
by various preparations, in the autumn of the same year, before the 
Koyal Netherlands Institute. 

Thus by hardening the spinal cord in spirit, in the manner recom- 
mended by Stilling, I succeeded in preparing several thin sections, 
both transverse and longitudinal, in which, after I had got them 
sufficiently transparent, a multitude of multi-polar ganglionic cdls 
became visible. In addition, I observed, especially in the anterior 
horns of the grey substance, a network of branched filaments, con- 
necting these cells one to another, forming a very complicated inter- 
lacement. In the posterior comua, too, I met with ganglionic cells, 
though for the most part of a smaller size, which likewise appeared to 
be mutually connected by filaments. These collections of cells in the 
grey matt^ seemed to form several more or less coherent groups, 
from which I could in some sections trace the origin of the anterior 
nerve-roots, whence I concluded, with Yolkmann and Wagner, that 
the anterior nene-roots are not continued through the spinal cord 
to the brain, but arise from groups of multi-polar ganglionic 
ceUs. The posterior roots I could also, in some cases, trace to gan- 
glionic cells of the posterior horns, which, in my opinion, are con- 
nected with the group of ganglionic cell^ and the anterior comua, 
while another portion of the posterior roots appeared to pass longi- 
tudinally upwards, without penetrating into the grey substance.t 
These last observations in reference to the posterior roots I did not, 
however, venture to put forward as perfectly certain, on account of the 
great difficulty of tracing and distinguishing the connecting filaments 
with sufficient accuracy. The ganglionic cells and the posterior 
parts were in general smaller, more oblong, and less ramified than 
the anterior, and generally speaking, odiibited fewer pigment 
granules. Sometimes I met also between the division of the fila- 
ments small, triangular, ganglionic cells, betraying themselves 
as such by enclosing a nucleus. The filaments of the larger 
ganglionic cells are often thicker than the primitive medullary 
filaments present in the spinal cord. This structure I found most 

• See these observations also translated iuto Swedish by J. F. Liedholm, 
in the Hygiea^ Medieuuk oek farmaceutUk M&nad§^krift^ xL B. 1849, Sep. 
pp. 553, ei teg, 

f See Aanteekeningen m de Seetie voor Nat. en Oen,, L c, p. 8. 



10 HISTORIC SKETCH. 

distmcdj in the lovot put of the wpml eori, whoe llie meddh 
or the whitkh lihies occur lA snaDer mmber; the auiie etnie- 
tine and ooniiection are hkewiae evident thronghoot the cntiie 
oofd. 

Henoe I thought it might be inferred, that the motor nenreB 
take their origin from groups of reciprocaDj-eonnected mnhi- 
polar ganglionic cella, the filamenta of which are again ecrnnertid 
with anterior longitudinal nenre lihrea. Theae kngitodinal anterior 
columns I regarded as conductors oi the orders ct our wiD, Ae 
influence of which is diffused OTcra definite group ct gan^kuue edb^ 
so as to excite with equal force all the nene filamenta springing 
therefrom. 

Posteriorly, it seemed to me tiiat the senaitife roots eonaiated of 
nenre filaments of sensation alone, whidi did not penetrate into the gref 
substance, but repaired directly upwardstowards the brain; andof reflex 
nerve fibres, which, penetrating into the posterior comna bj means of 
the ganglionic cells and of their filaments, united with the groups of 
ganglionic cells constituting the source of motor nerres in the anterior 
horns of the grey substance. I inferred that these reflex filaments 
passed into several groups of ganglionic cells, and united them mors 
or less with one another, so that by reflexion several ganglionic 
groups, and therefore also, several nerves and muscles are at the same 
time brought into play ; an arrangement which affords a simple 
explanation of the coordination of muscular action in reflex move- 
ment. Every ganglionic group therefore, in my opinion, possesses 
two poles, namely, one anterior and superior derived from the brain, 
conducting the orders of our will, and one posterior and inferior for 
the reflex nerves ; both voluntary and reflex action being attended 
with discha^^ from the ganglionic groups, while the coordination 
of the muscles is in either case preserved. 

This was, in short, the genersJ result of my obsenratioj^s, which I 
had also extended to different animals, and in support of which it 
appeared to me that many arguments miglit be adduced. 

In the interval which has since elapsed, the minute structure and 
composition of the spinal cord have been more closely investigated 
by several distinguished writers, with, however, very different results, 
and the development of a great variety of opinions, leaving the 
subject still in much uncertainty. It is, however, gratifying to me to 
see, that by the latest investigations all the propositions which I put 
forward in 184.8, and which were published in that year, have been 
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confinned.* For these leasons I consider that it would not be 
unprofitable, having some time ago resumed my former investigations, 
and having discovered an entirely new and improved mode of making 
the preparations, again to bring forward my observations, enriched 
and extended by later experiments. 

I shall first endeavour to show what other writers have brought 
to hght on this important subject, so as to lay before the reader a 
synoptical view ot the present state of our knowledge in reference 
to it. 

The labours of StiUing, Yolkmann, and Wagner, having thrown 
doubt upon the correctness of the old theory .of a direct connection 
of the nerves through the spinal cord with the brain, the views of 
those observers who placed the origin of the nerves in the spinal 
cord, found a violent opponent in KoUiker, who endeavoured, by fresh 
investigations and calculations, to refate the arguments of Yolkmann, t 
and to reestablish the old opinion that all nerves arise directly from 
the brain. 

That all the nerve filaments proceeding fit>m the spinal cord 
may be comprised in its upper part, which, as we have above seen, 
Yolkmann had denied on very plausible grounds,} KoUiker en- 
dervonred to prove by fresh measurements of the thickness of the 
nerve-roots, compared with the constant incrementof medullary matter 
as we proceed upwards in the cord.§ The probability of this was, 
he thought^ much increased, by the greater tenuity of the nerve 
filaments in the spinal marrow than in the nerves, which Yolkmann 
bad indeed mentioned, but had not stated with any precision. || The 
powerful argument adduced by Yolkmann, of the great disparity 
between the tenuity of the spinal cord and the thickness of the large 
number of nerves in the Orotalm muhu, KoUiker endeavoured, without 
any farther proof, to weaken and refute by the purely hypothetical 
position, that in this serpent the medullary filaments are so much 
slighter that his calculation is stiU applicable to it.1[ 

Any one, however, who is practicaUy acquainted with the fineness 
of the medullary filaments in the spinal cord, their great number, 

* See AatUetkeningen van de Sectie-4>trgadering van het Prov, Utr. Gen, 
June, 1848. 

t MUroikf Anat. 2 B. 1 St pp. 425, et teg. 

I Wagner, Phys. Wort. 2 B. pp. 482, et teq. 

§ Mikrotk. AnaL 2 B. 1 Abth., pp. 431, tt teq. 

li Mikrotk. Anat. I e. p. 434. H / r. pp. 346, et teq. 
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Mid thr difflculty of estimating the quantitj in a aqnaie Uiie ; and 
will) rrrolli>ctii tlip multitude of ganglionic cells which exists with 
ihrir rflen-nt filaments extending into the mednllay and bean in mind 
the various din*ctioiis, both longitudinal and transrenc^ taken bj the 
nrrvr filitinriitfi and grey fibres in the cord, must be at ovioe oonTinoed 
1 liat sueh mriisun-nients and comparisons as thoae of EoUikcr lest 
on a very unr(*rt»in basis, and really prove but Utile. We shaD, 
in fai*t, see that the inaccuracy of these measurements has been sub> 
M«i|urtitly i^stablisihed by Schilling.* 

With thin main question, whether all the spinal nerves arise from 
the brain, \* most intimately connected that of the use of the multi- 
|N)lar ganglionic cc^IIs. Thus KoUiker assumes that these ganglionie 
eelU an* nowhere connected with the nerves; he found that the 
filament n derived from them constantly subdivide into piogresaivdy 
finer branches, so that if a connection with the nerves must take place, 
thin vnu he tlie ea!>c only with the most minute ramificationa-t He 
eonftiders it to Im* im{)09!(ible that a prolongation of a central gan- 
glionic cell nliouhl pass as cylinder axis into the doubly-outlined 
nerve fibre, although in a late essay Wagner positively states that 
he lian undcmbtedly m*en such to be case.} Of this, I not only 
do not MT the difiieulty (as all the filaments of the ganglionic cells 
do not run out into snrh fine networks), but I have more than once 
decidfMlly ronfirnuHl Wagner's observation. 

K«»Iliker Ncems, however, himself to feel the difficidties of his 
vicwn, SM \\v subm'(iu(*ntly says that he not only does not deny the 
origin of tlie ncrven in the medulla, but considers it very probable; 
hut ]\v. thinks there are no direct farts to prove it.§ This sounds 
striinge inde<'d, as the subsequent positive observation of Wagner 
and i/curkart was known to hini,|| though he denies its correctness; 
so that he v.nn by no means prove himself wholly free from partiality, 
as hr is unwilling to admit the facts observed by others, when they are 
oppoMi'd to an opinion h(^ has once embraced. 

Hilt Kiillikcr is not satisfied with denying the direct connection 
of thrsi; f^anf^lionic rcUs with the nerve-roots, for neither will he 
nthiiii their connertion with one anotlier, bv means of their ramified 
fihuiirnts ;1[ or In* leaves us to suppose that if such connexions be 

• K. (i. Srliillinjj, I)r Mtd. Spin, texturd. Dorpat, 1852. 

\ I. c. p. 12.'). 

t (it'ttt. (itlfhrt. Anzeig., 18r)0, Fi'b. No. 4, pp. 5.3, ft »pq. 

h /. c. p. 42«. II /. c. p. 425. II / «. p. 425. 
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present^ they must occur very rarely^ as he had never seen them.''^ 
In this he falls into a singular contsradiction of his own physiological 
explanations of the functions of the spinal cord. Thus he says^ in 
mentioning the experiments of van Deen, Stilling and Eigenbrodt^ 
showing that affcer unilateral division of the spinal cord^ voluntary 
motion is still present below the section (an observation which 
he had himself confirmed)^t that a communication of sensation 
and voluntary motion through contiguity alone cannot be admitted^ 
as in that case the conduction through the medulla would not be 
limited to the course of definite fibres^ — a point in which I quite 
agree with him. Subsequently^ however, he again states^ that the 
reflex phenomena, which take place in the grey substance, are not 
necessarily bound to the continuity of fibres as they occur in very 
remote parts ;§ he thinks, that under particular circumstances, that 
is, in case of particular irritations or of an unusual disposition of the 
brain or spinal cord, there is a deviation from the r^ular course of 
conducting through fibres, and that in the grey substance a so-called 
cross-conduction (that is, a transference to the grey substance of the 
condition of the sensitive and motor fibres) takes place, which is then 
further communicated to other nerve filaments. || But as the reflex 
phenomena take place not only during vivisections and under 
extraordinaiy circumstances, but also in swallowing^ coughing, 
sneezing, and a multitude of other physiological acts, we cannot 
explain them by assuming the existence of an unusual state of things. 
The accurately adjusted movements, which, for example, in swal- 
lowing, are necessary in the complex connection of the muscles, 
show that the transference of the stimulus from the sensitive to the 
motor neves, is not pexformed loosely by means of an indefinite cross- 
conduction of the nervous influence, but along definite and pre- 
scribed paths, since these actions manifest themselves at all times, 
and in all individuals, in the same manner. But if KoUiker considers 
a cross-conduction in the medullary fibres in the experiments of van 
Deen and Stilling to be impossible, I do not see why he assumes 
this cross-conduction in reflex action, which he supposes to take 
place in the grey matter, and through the ganglionic cells, unless 

* Skixze einer WiuensehqfU. ReUe nach Holland u, s, w. in ZeiUchrift /. 
Wwefuch. Zoog. iii B., 1 St. 1850, p. 85. 
f L c. pp. 438, ei seq, 

X iL c. p. 439. § /. c. p. 442. 

II L c. p. 443. 
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it be to maintain his theory, that the filaments of the ganglionic 
cells are not connected with one another, nor with the nerves. 

In order to account for the strange phenomenon, that after the 
section of one half of the spinal marrow, neither voluntary motion 
nor reflex phenomena are impeded on the cut side, KoUiker, fol- 
lowing Arnold,' brings forward the ingenious hypothesis, that the 
medullary filaments of the spinal cord decussate only by one half, 
and that therefore a motor nerve, for example, of the right side, 
contains filaments both from the right and left side, and that 
consequently, if the right side be cut through, the parts beneath the 
section may still be voluntarily moved by the filaments of the left 
side. This he illustrates in a linear figure.''^ But although it is true 
that many phenomena can be thus accounted for, numerous difficulties 
may be brought forward against this explanation. 

In the first place, this view of the half decussating course of the 
nerve filaments in the spinal cord, affords no explanation of the 
phenomenon, that if the cord be half cut through a little above the 
nerves of the fore or hind feet, these feet are completely paralyzed. 
Experiments proving this were performed some years ago, in my pre- 
sence, by van Deen, for the hind-foot,t and by Stilling above the fore- 
foot, with the same result,^ and have been confirmed by Eigenbrodt.§ 
There is no reason why, in this instance, the opposite fibres which do 
not decussate, and are not divided, should be at the same time 
paralyzed, which, according to Kolliker's theory, ought not to be 
the case, and yet constantly takes place. 

Further, if his explanation is correct, we must admit that the 
filaments which do not decussate would appear to be unconnected 
widi the side of the spinal cord through which they run, which is 
incredible. It is, indeed, well known, that after cerebral apoplexy, 
hemiplegia or paralysis of the one side exists ; while on the opposite 
side — ^which in the spinal cord must also, according to the above 
theory, contain paralyzed filaments (those which do not decussate) — 
no trace of any lesion is discoverable. Hence it would follow that in 
paralysis of the right side, the left half of the cord should contain 

• ^ c. p. 440, Fig. 131. 

t Van Deen, Nadere ontdekkmgen over de eigetuchappen van hei Ruggemerg. 
Leiden, 1839, p. 01, experiment 47. 

X Stilling, Untersuchungen ueber die Funct. d. Ruck, Leips. 1842, p. 243, 
experiment 47. 
*§ Ueber tUe SectUmageeetMe m R Uck e mwmr k. Giessen, 1849, p. 50. 
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nndecussated bat paralyzed mednllary filaments, ex^cisiiig no kind 
of influence on this left half of the oord, as nothing morbid can be 
found on that side of the body. 

We shall hereafter see how all these phenomena maj be mnch 
more easily explained, and I shall for the present retom to the 
historical account of what has been done in reference to this difficult 
subject. 

Without being acquainted with the investigations of KoUiker, 
L. Clarke, of London, followed a totally different mode of making 
thin laminae of the spinal cord transparent, of which I shall here- 
after give a comparative statement, and which seems to have been 
extremely successful. He examines in several transverse sections the 
varying form of the anterior and posterior horns of the grey substance 
at different heights of the cord, the distinct course of the nerve-roots 
through the grey substance, and the ganglionic cells with their 
ramified filaments, which he illustrates with very good, and some 
even very beautiful drawings.* 

He treats at particular length of ihe transverse fibres, a portion 
of which run, according to him, as nerve-roots in their course from 
behind forwards, divide into fasciculi, and in the grey substance 
form a network, in which the ganglionic cells are situated. Some of 
these posterior filaments even pass, according to Clarke, into the 
anterior nerve-roots, at least the anterior ^nd posterior nerve-roots 
are interwoven in the centre as in a network. The transverse lateral 
fibres pursue anoUier course, and form the commissures id the centre 
of the spinal cord ; many fibres from these, too, are, he states, 
connected with the anterior and posterior nerve-roots.t The pos- 
terior roote are distinguished by interlacing with larger, broader, 
and more numerous fasciculi, and form a sort of plexus,^ whence 
individual bundles penetrate into the posterior horns, and spread 
throughout the gelatinous substance. Some of these penetrate into 
the commissures, while others, in the spongy portion of the posterior 
comua, divide to form a network, and pass into the anterior horns; 
some fihmente pass over into the posterior and lateral longitudinal 
white columns. 

The anterior nerve-roots penetrate; without previously interkcing, 
into the anterior comua, where they divide into very slender feusciculi 

* PkiL Ihnuaetitms, 1851, part iL, p. 607, Plates xx— xxv. 
t iL e. p. e09, Tab. xx., Figs* 1, 2, 3, and particularly Tab. xxiii.. 
Fig. 14. X iL c. p. 606, Plate xxi., Fig. 6 and Fig. 14. 
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iad dirtiiiot ffluHDli^ vUdi foDov ^Mfc— -^ 
thflie pMiinto the oiil6r bcvder of Am antaEiQi 
into Ili0 «nfa » iffg litanl oolmiiiii^ vUb ollM% lAv 
diBirwij nmd thnii^ the giuu|Mi of gpniJhiiip MBi( 

with ihow of the oAer flde. Hie nmndhr pHi kte &b 
tha anterior lion% snd aie kit in tlienetwodc of An 
eoUa.* 

The gmgikmiooeUiag^ aoeotding to Qwia^mnted to < 
by their gftwmt IHanwwit^ whidi wMif Mo into t oij nnwiiiiBhBMiyhli 
thiB spooo Dotwoon thiB Ikvv iwiwr ooosbmq dv ia esolMnHHr'flto 
notwoik of my deUorte Hboh tho lanlt of Hmv hilite liT 
difirion* Msny of thsn fflmBBti^ oipfioUly thots of An njinrilitf 
oeDiy whioh aie ntiutod on the boidsi of An gny lMa% irin Vk 
hcftwMn the white kngitndinal oolnmnty botwwn wUah UoodbvHMl 
also aie found. riaiVii aai^ Itiiiini i^ iinalihi l» ihiiHifelMiliia ftiip 
fllamente paaa into the blood-'venda.t 

That theae gangikmio oeDa aie tery doaely nbtod to flewiftfei 
fellow% in thia obaervei^a opimon, from the rwnaahMb fto^ tU^ 
wot Mi4v tuM ik^ tffawM Awitd Ml li# MfUUotitio$d a^ tfe mppp^ 

grater tUdtmsn ^ike mervm, wiH wUd £hy «rt cwMMeMLt 

Nererthdeaa, he atatea, that he haa never been aUe to penaife 
any direct connexion between their etEsrent fflamoite and the nmu fc 
The nerve filamenta, according to him, muronnd the ganglionieeJ^ 
and are apparently in contact with them, bnt thia oontaet doea not 
preaent the character of true connection. What he adda ia, howeter* 
eztremdy remarkable, that it is very nanal to aee one or two cf 
the cell fllamente running ontwards into a bnndle of the anterior or 
poaterior nerve-roote; and of this he gives a veiy aatiBfoetory dmw- 
ing, exactly aa I also have found it.§ StiQ he doea not look xagm 
these fllamente running into the nerve-roota, aa conatitotmg tha 
origin of a nerve, because he has seen similar efferent fflainffl ifai 
of the ganglionic cells running among the white longitudinal odnmna 
(with blood-vessels), where no nerves or nerve-roote were to be foandi 
If he had traced the deeper connection of longitudinal and transverse 
fibres, and considered their functions, he would not have allowed 

• Page ei7, Tab. xxiiL, Fig. 14, Tab. xxv., Fig. 16. 
f ^ 0. p. 614. X Lc 

§ /. c. p. 615, Tab. xxv., ^g. 15. 
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himself to be carried hj this last observation from the trae tracks but 
would have recognized the origin of nerves from the ganglionic cells^ 
of which he gives a very good representation in the case of two 
ganglionic cells;^ and three filaments. 

He terminates his demonstration with some inferences, of which, 
in order to avoid repetition, I shall only observe, that according to 
him, two considerable columns of multi-polar ganglionic cells, which 
he calls the posterior vesicular columns, are intimately connected 
with the posterior nerve-roots through the entire length of the spinal 
cord, commencing slender below, increasing very much in circum- 
ference in the lumbar and cervical tracts, and terminating in the 
medulla oblongata. That also a colomn of cells, whence in the 
neck the accessory nerve takes its origin, extends downwards to the 
lumbar bulb; but that the accessory is the only nerve which 
derives its origin &om this lateral vesicular column, and it extends 
its roots also to the anterior column of ganglionic cells.'^ He 
farther observes, that everywhere, especially in the anterior comuaj 
the number of ganglionic cells is direx;tly proportionate to the thick- 
ness of the nerves-t 

Finally, Clarke has also stated as deductions from his observations 
on the spinal cord J : — 1. That the posterior nerve-roots are of three 
kinds, of which two, the posterior, enter the grey comua at right 
angles, while the third, under different degrees of obliquity, run 
upwards towards the brain, in the posterior columns; the roots 
of the first kind are said to bend downwards in the posterior horns 
(my "fibres of communication''), and in part to penetrate into the 
anterior white columns, where they bend upwards and downwards, 
occasionally forming loops ; those of the second kind are described as 
partly passing into commissures. 2. Clarke never saw the fibres of the 
anterior roots ascend into the anterior white columns. 3. In addi« 
tion to the transverse bundles, forming the anterior roots, we have a 
system of extraordinarily fine fibres from the anterior grey substance, 
which are lost in proportion as they approach the surface of the 
medulla spinalis (my " lateral rays'') . 4. Nearly all, if not all the fibres 
composing the roots of the spinal nerves, go at once to the grey 
substance of the medulla, and if some of them ascend directly to the 
brain, they must be only those of the posterior roots, which run 
longitudinally with the posterior columns. Moreover, Clarke, as 

• L e. Tab. xxv. Fig. 13. t /. c. p. 618. 

: Phil. Tram, 1853. Part 3, pp. 347 et $eq. 
C 
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s t;xr':\ .:!- I'^.jii, Voli-:.^-iL Muled ilut LeackaTt, TQtking under 
hiUi, ' li-^r> •] :r] !^v»-r^ places ihe tnnsdtioQ of filameiila of the 

u.ii.t:-]^ lisr ::•.' J :.'!:'.•:/ c c-ffLs ii.io cecuiue primiiiTe uerre filawiiu^ 
aij<i a:"^/ traf • : i:i* ir cvniit^-tion «iih one another; both these phjw>- 
Io;::«t» •'Lri>*fju<;iiilv Fuift^lcd iu clearlv seeing a filament froa i 
rnijiti-]'"iar f*.| ] a^s i!;:o a <l.irk-<di.^-d doublv-outlined brain ni 
rji-ni ijiifjiiiit. ^Vt Tii.iv, tinrffiirv, say$ Wa^er, infer, that from 
Ml' i; a '•♦■:1 ;t pr'ilMitr.'i"n i^ given off a# cylindrr axis, mns as a 
ttriiiiitr.i' tiiiri' iiiroU'j)i tiit- boily^ and finollT, for the most paztj 
r;iiiiili''> in tl»** i*«'rii>h*Ty, and tcnninati^s in the Tissues.* 

'I'll! .M- invi>ti^Mti<»ns> ys* ^.'^Mhst qucnily continned by the reseaidm 
of tin- .saiiii- virit'T, in TvUrfim- to th*.' electric.;d lobes iu the brsinof 
llii- tnrjifdf). Ill- Ki\S| that tlirsc lobr^ are entirely composed of 
i^tr^rn'j,iU-> iii' \( n i:ir};i' ]ijnlti-|)nlar {.Hmglionir cells. From these, 
prnri'i'd tu till- |M'ri]>lH'ry jiroloiipitions^ which are of a twofold 
natiin" mmim* nn- not r.iniitii-d, and pass iminediatoly into ordinaiy 
dniil)lN-"iitlifi«d i\ri\t jil.iiin'iiN, whoM' cylinder axes they form. In- 
di((l (hr d"»id)l\ iJiMliiK'l <-\t"rii:il «■(]•:<• is (iftm wanting, as it is verj' 
l()(»sclv ciHiiMdrd uilli ill'' c.vlin'lir Jixis, and the majority of these 
l)n)luni:aiiniis ron^tunlK Inn. tlii> oiilrr margin; but, he says, we 
have nndoulitt'dlN >vvi\ I'lagnicnts of this ontcr edge of various sizes, 
in particular jirolon^'ations, at <mr time chise to their origin, at 
auutlur in their InrtluT ronrsr.f in gem -ral, according to him, one, 

• (Hit/. (iMirt. Juztiff. iH.'iO, Jill). No. I, pp. 53 et $eq. 
f (iiitt. (it'Uhrt. Anztiij. IH.'il. Oil., p. 100. 
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or more rarely^ two^ genuine nerve filaments appear to arise from each 
ganglionic body. The remaining prolongations^ at one time branched^ 
at another not ramified^ serve to connect, at varying distances, the 
several ganglionic cells with one another.''^ Finally, Ecker has given 
reiy beautiful and conclusive representations of these preparations in 
his Icones PAynoloffiea,'f in which not only the transition of the 
filaments of the multi-polar ganglionic cells into primitive nerve 
filaments is visible, but also the reciprocal connection of these cdls 
is distinctly shown, especially in Figures VI. and VIII. Quite 
analogous to these electrical lobes, adds Wagner, are the nerve 
nuclei of the vagus, accessarius, hypoglossus, and trigeminus, that is, 
they consist of insular accumulations of multi-polar gangUonic cells 
in the grey substance, which send out and take up fibres, and are 
connected with one another in a bridge form, by minute nerve 
filaments.^ 

I may add, that Engel also infers from his observations, on the 
larvse of frogs, that the nerves end in the spinal cord.§ 

Blattman observed the same in full-grown frogs, and states that 
he has convinced himself that in smaller birds, fishes, and even in 
mice, the nerves terminate in the spinal marrow. || I doubt, how- 
ever, whether the nerve-roots cease in the cord so suddenly as he 
represents them in his drawings, without giving off some efferent 
branches.^ He acknowledges, nevertheless, that connections occur 
between nerve filaments and ganglionic cells, although he says, he 
has directed but little attention to this point, and that true ganghonic 
globules are rather rare in frogs.''^ Subsequently, he again speaks of 
numerous free nuclei of the ganglionic cells in the grey substance. 
I suspect that his mode of examining these parts must have greatiy 
influenced his results. 

The investigations of G. Schillingft are of more importance. This 
writer speaks first in detail of KoUiker's measurements, and disputes 

• /. c. 

t Ecker, lames Physiol., 2 HefL, Taf. xv. Figs. iiL, tI., vii., viii., and x. 

t A c. p. 191. 

§ ZeUsehfift der kais. kon. Oesellsekaft der jierzte «u Wien, Not. 1847, 
p. 1 13, &c. Of this I am aware only from quotations, and have had no 
opportunity of consulting the original. 

II Blattman, MikrosJc. Anatom, Darstellung der CerUralorgan des Nerven- 

systems, 1850, p. 46. 

S L c, pp. 46 et seq.f and p. 53, Figs. 1 and 2. •* L c. p. 18. 

ft De Medulke Spmai. textura ratione inprimis kabita originis cerebralis 
nervorum spinaiium, Dorpat, 1852. c 2 
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thoir iVFTtvim-^A .tnd that of the results derived from them. He 
iiuli\\i .^'k!i«'«U\Ict-5, ilut in the ciTiical portion of tlie spissleord 
ihi' t!vu*kiu>s A ihc meilullan 5ub9tance is greater thiui in the dond, 
.iiul ilut hi n* It » j;rt*it^r than in the lumbar portion, bat this does 
not {tr\H i\Hi n'cul.irU ; ihi iv are two pbces above the cerrical sad 
;ihi>vi' lite luiiiKir (vnion. «hcTv the medullanr substance is invariaUj 
llu>^• sl:uiir th.iu \\\ thi* |urts beneath.* Hie drawings of the 
tr.iii^vrpH* M\-:ton4 i'f tht* spinal conl bj KoUikerf he designates, and 
111 \\\\ ('|Mir.i>ii vitih justii'v. a$ incontvt.} 

Iv^iili!!, ihvTx IS :i!i itiortMse in the anterior and posterior, but nut 
so inih'li ui \\\K litir.il ivUinins, which, however, contain most mf- 
(hill;ir\ ni.ittir.^ Vlonvvor the liniiu of the grev and medullaij 
nt.ittiT .in< not \i'r\ vkiU dotimxl, even under the microscope^ as the 
^n-\ iiuhst.uhT siMuU I'tTi'nnt br.ini'hi'$ on all sides into the latter, and 
ihrou^lt thiH numi*r\'u< tr.insvoise ner\'e fibres run^ increasing its 
ihu-kiirsN. ; l^istU, .ill tho lonintudinal filaments of the medollaij 
i«uliNi:iiu'i':iu' i\oi i\piAlI\ >Ii&;ht. as KolUker had calculated ; Schilling 
i\\\'\ !«oinr ihi. krr ()\.iii I ho nrn'o tibrt's themselves, and the propor- 
lum lu*i>it^ii (hi'M- thiol and sliirht filaments cannot be ascertained; 
whriuv thiH .mihiT iiitVry. that what Kolliker brings forward on these 
^n»iiiuU .iLCauiM \ olLnuiun, is of no ueiirht.^ 

\\ nil n*!«]tri-( to the utTvo-rxH^s, ho s;ivs, in opposition to Claike's 
oli*or\ .ihon, ih.it l\o novor s;i\v iho tihre* of the anterior nerve-roots, 
iit'lor thov lt:i\o mioivti into (ho a>rnua of the grey substance, pass 
niio ilir ooiMini^^uMM. i>r )>o:totriTo into the fibres of the posterior 
horii.N. or as KoUikor ;)>*mti>. run in an ari'hed fonu into the white 
tMihiinns. Ill soiiio oasos. ho ilistinitlv ssiw the ner\'e filament from 
tho iiiitmor root nitor into :i t^.inirlionio ooU, the lines of the nerve 
lil.iiiirnt p:isMiu; into iho linos of tho fihnnent from the eell ; in one 
(Mso (Ins Iransilion u:)s so ovidont, that no doubt could exist as to 
llio (liroot oonnooiion, a oirouinstana* whioh he obser\'ed with the 
I no IT rjiro, jis it was of tho irroaiost im{x>rtance in reference to the 
jirurin of tho nonos/* In loni:itudinal sootions, tiK), he never saw 
(ho rools of (ho nor\o lilanionts |mss iho boninlarios of the g:inglionic 
rolls, hnl somolinus hi' ohsorvod a uorvo-n»ol iu-iso from a ganglionic 

orll.lt 

Ainoii^ (ho lon«ri(udinal whito oohiniiis he found fibres, which, 

• /. r. pp. <) ft xr'f/. + Mif^ntsL Anai. p. 431. 

: Ih' Mvd. Spin. Uut, p. 10. 5 /. 0. p. 11. /. r. p. 12. 

II /. r. p. 54. •• /. 0. p. 2!». U /. c. Tab. ii., Fig. 5, 6, c. 
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arising from the grej matter^ ot even from the ganglionic cells and 
curving upwards, ran as white medullary filaments to the brain;*^ 
the posterior nerve-roots he observed, however, passing in part into 
the longitudinal white columns.f 

Lastly, and this is of importance, he says, that the longitudinal 
fibres, at least the anterior and middle or lateral columns, arise from 
the grey matter, and in fact from the ganglionic cells, while from 
the same ganglionic cells the roots of the nerves also take their 
origin, and thus both are connected by means of these cells4* Thus 
also, according to him, the volume of the grey substance corresponds 
to that of the nerve-roots, and the thickness of the latter again 
accords with the increase of the longitudinal fibres, which convey 
the cerebral power into the nerves, and the nervous power to the 
brain ; aU which quite agrees with what I brought before the sectional 
meetings in 1848, but which was unknown to this writer. In con- 
clusion, he says : — 

1. That the longitudinal medullary fibres of the spinal cord 
steadfly increase in ntunber from bdow upwards. 

2. That these longitudinal fibres take their origin from the grey 
substance, and at least in part, from the ganglionic cells. 

S. That the number of the long fibres, as well as the number of 
the fibres passing into a nerve filament, increases from the inferior 
portion of the spinal cord in the same ratio as the grey substance 
increases in circumference. 

4. The fibres of the anterior nerve-roots arise from the anterior 
horns of the grey substance, and in tact from the ganglionic cells. 

5. The greater part of the posterior roots passes probably into the 
longitudinal fibres which are present in the posterior horns. 

6. The grey matter contains no proper fibres but those which 
arise from the commissures. 

7. The anterior commissure also consists of grey matter. 

This last was described by KoUiker, and most writers, as a white 
commissure. I formerly believed with Schilling that these com- 
missures consisted of grey matter, but my later investigations have 
convinced me of the correctness of Kolliker's opinion. 

Lastly, these results are still further confirmed by the investiga- 
tions of Ghratiolet.§ This writer differs from Schilling, in considering 

• Le.p. 33, Tab. iL, Fig. 5, d. f ^ c. p. 40. 

X L e. p. 55. 

§ Structure de la MaiUre epmiire in Flnstitut. 1851. Aoflt, pp. 272 et. seq. 
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the anterior coiniiiifQiiire as consisting of vhite mednUuT films. 
firatinli't dpsorilMHt the multi-polar ganglionic cdls as not imifonilr 
(ii>9riiiin:itril thmuirh the anterior horns of the grej sabstaDee, Iwt 
n!« bcinjjT acniniulated in different gronpsf, espedallj in the nej^ 
bdurhocxl of the white fasciculi. In the expanded portions of the 
spinal conl those grroiips are larger than in the narrower paits, ther 
are aliui of irreatir si/t* in large than in smaller animals. Aooordii^ 
to this writer, they arc rcmnet^ted with one another^ and aiv not 
isolatcil ; their r.idi.ition^ or filaments divide and sabdivide, {ofmiog 
a irrcat ])lc\ii9 with irrcinilar mt-shes^ observable, with especial dk- 
tinctncs!!, in the Kuniinantia. Tliese meshes are elongated in tk 
n(*ighh(iiirhoo<l of the white bundh^s ; they are more rounded off in 
tht' middle nf the gn^y sul)8tancc ; thev are largest and most nnmefoas 
in the lumbar hiilb. 

Dcsiilfs these very distinct connections, uniting the multi-paltf 
giingliotiic cells int(» a system, we can, on accurate examinatioif 
trace a great nuiiiber of nerve filaments into them, and demonstnte 
the eontiMuitv of SDMie fibres of the anterior nerve-roots with definite 
proldiiuMtiottsof the cells. The latter are, therefore, in connectionon 
the one side witli the anterior and middle columns of the spinal cord, 
and on the oiIut with thi' roots of the anterior or motor nerves. 
tiratiolet adils, that these facts have been observed by him with the 
greatest a«'eur.i('y, and have been fully wtablished. 

He was les** fortunate in his attempts to discover a connexion 
betwci-n the j)osterior roots and the grey substance. In longitudinal 
sections, the libres of the posterior roots are seen to bend into the 
posterior longitudinal eoluums, which api)ear to be in great part 
eoinposeJ of these roots. From the anterior fasciculi of the roots 
pome librcs proceed to tlw posterior grey commissure, others pas 
into the spongy substam-e, where they form little bundles, giving ft 
striated appearance to tlie gelatintms substance. ^Notwithstanding 
all his eiHJc^avonrs, (iratiolet did not siu-reed in tracing a connection 
bi-tween these lil)res and tin* ganglionic cells, although he suspects 
tile exisii'uci' of such a connectiou. 

The radii i>( the ganglioni*- ct'lls, the lilaments of the anterior 
nerve-roots, and the fasciculi of tlu' posttrior roots, fonn, in the 
anterior cornna, a tisstie which cannot be unraveHed,* and which is 
still lurther increased by the accession of a great number of fibres of 
the anterior nerve-roots, and of tlie middle fasciculi, which pass from 
the one side of the spinal cord to the other in the anterior horns 



WAGNER'S ESSAYS. 23 

{cammUaura aiUerior.) The fibres^ however^ of theanterior nerve- 
roots appear^ according to this writer^ not to pass directly into this 
oonunissore. 

The same author further considers it to be established^ that the 
grey centres on either side are connected with one another^ but that 
the nerve-roots which repair to them do not decussate with those of 
the opposite side ; the fibres decussating here^ he thinks^ belong to 
the longitudinal fibres going to the brain. 

Since 1848, 1 carried my investigations on the minute structure 
of the spinal cord still further, and laid their results before the 
Dutch Academy of Sciences. This took place on the 24th of 
December, 1 853. The communication was, however, not read until the 
subsequent meeting on the £7th of January, 1854. The essay was 
first printed in the second volume of the ''Transactions of the 
Academy,'' and is at present being translated into German by Pro- 
fessor Theile, of Weimar, Mith some additional observations by myself. 
But this historic sketch requires that I should briefly mention what 
has been done on this subject since I brought forward the essay in 
question. 

To begin, — two essays by Rudolph Wagner demand attention ; 
the first of which was published in the number of the Gottinger 
OeleArt. Anzeigen for the 80th of January, 1854, the second in the 
following number of the 6th of March. These essays present in 
many parts a striking agreement with vaj statements, not only in 
reference to the facts observed by me, but even with respect to many 
of my physiological theories. Of course, I have not the most remote 
suspicion that Wagner was acquainted with my former announce- 
ments in the ''Transactions of the Utrecht Society,'' for 1848 ; but I 
think that, in this striking agreement with my statements, we have 
a convincing proof of their truth. 

In his first essay of the SOth January, 1854, On the Elementary 
Orffanization of tie Brain, Wagner correctly regards primitive fibres 
and ganglionic oeOs as the essential parts of the brain and spinal 
cord, and arrives at the following conclusion : — " The brain and 
spinal cord are nothing else than massive accumulations of primi- 
tive fibres, and multi-polar ganglionic cells. Combinations of 
primitive fibres do not occur except through the interposition of 
ganglionic cells. Consequently, all transferences from one primitive 
fibre to another take place by anatomically demonstrable paths. 
Grey substance and its actions on the nerve-fibres are the indistinct 
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expression of what is quite distinct; multi-polar ganglionio ceQ^ 
connected witli primitive fibres. All phenomena of inniervation 
depend on combinations with one another^ and with central and 
peripheric nerve .paths^ of individual ganglionic cells and larger 
BLggteg&tes of the same^ as special seats of innervation of various 
physiological importance. It is not necessary to assume the existence 
of a transference from fibre to fibre in the sense, perhaps, of the so- 
called paradoxical spasm; such a transference is, for many reasons, 
on which it is not requisite at present to enter, highly improbable; 
it could have only a disturbing action in the course of physiological 
phenomena.''* 

With respect to the structure of the spinal cord, Wagner states 
his ideas only briefly. In considering the posterior roots this writer 
assumes, just as I have stated : — 

1. Purely sensitive fibres, which, without being connected with 
ganglionic cells, pass upwards towards the brain and there excite 
sensation. 

2. He assumes a second class of purely sensitive fibres, which are 
said to unite with the ganglionic cells in the posterior comua, and are 
connected with the little multi-polar ganglionic cells also described 
by me as existing in these horns, whence again fibres are said to 
ascend longitudinally towards the brain, while others as commissural 
fibres pass behind the canal into the ganglionic cells of the opposite 
posterior horn. This canal, too, according to Wagner, is open, and 
is not a solid column of ganglionic cells, as is very incorrectly stated 
by Kolliker. 

Finally, a third, and indeed a very considerable portion of the 
posterior radical fibres serve not for sensation, but proceed towards 
the great multi-polar ganglionic cells, whence the anterior motor 
fibres take their origin. 

In Wagner's second essay, published in March, 1854,t On the 
Structure of the Spinal Card, and the foundation thence deduciblefar 
a theory of reflex movements, of coordinated movements, and of co^ 
ardinated sensations, the writer enters rather upon a defence of 
proper reflex nerves, into which I shall not follow him, as I elsewhere 
consider the principal proofs of their existence. But the author 
returns once more to the connection between the reflex nerves in the 
posterior comua, and the motor ganglionic cells in the anterior horns, 

* Goit. Qelehrt, j^nxeig., 30th Jan. 1854, pp. 35, et teq. 
t Gott. Gelehrt. Anxeigen, 1854. March, No. 6. 



REMAKS CONTRIBUTIONS. 25 

and says that he has again examined this connection^ the spinal 
marrow having been previously hardened in chromic acid^ but that 
he has not arrived at any certain conclusion. He himself declares : 
''But I am still doubtful whether the fibres which distinctly pass 
from the posterior comua of the grey substance to the large gangli- 
onic cells of the anterior homs^ are previously connected in the 
posterior horns with ganglionic cells, whence grey commissural fibres 
first repair to the motor ganglionic cells of the anterior comua/' ''^ 
He also describes the gaoglia in the middle towards the posterior 
spinal sulcus^ as smaller^ and with few rays, just as I too have found 
them. It appears to me^ however^ extremely improbable that^ as 
Wagner stated in his first essay^ proper sensitive nerves should also 
pass into these ganglia; some filaments going to the brain for sensa- 
tion^ and others from the same ganglia, as reflex filaments^ to the 
anterior comua. I doubt very much that a purely sensitive nerve 
can at the same time be a reflex nerve for motion ; it would from 
this very circumstance lose its character as a sensitive nerve^ and the 
reception of proper reflex nerves would become superfluous. Nor are 
any fresh principles brought forward by the author for the ex- 
planation of coordinated movements, to which the actions of the 
oculo-motor nerve are referred, and of coordinated sensation. 
These appear to me, as elsewhere observed, to take place higher in 
the brain, or in the meduUa oblongata. 

Bemak likewise, at the same time, added a contribution to our 
knowledge of the stmcture of the spinal oord,t in which he describes 
some preparations of transverse and longitudinal sections in man, 
and in the cow, made by StiUing, and sent to him two years before. 
Aemak says that in these he can perceive the passage of the motor- 
roots into the anterior ganglionic cells ; moreover, he finds in trans- 
verse sections slender fasciculi of the dark-edged nerve filaments, 
which appear to establish a connection between the anterior and 
posterior roots. He describes also, as it appears to me, the circular 
marginal fibres, which I have represented, and the ganglionic cells 
in the gelatinous substance, whence, according to Bemak, an elon- 

* 2. e. p. 97. Although the extraordinary minuteness of the course of 
the fibres in the posterior comua, and the difficulty of tracing it, renders 
it hard to arrive at perfect certainty on this subject, I believe that in my 
description, which I have put forward and illustrated, I have, as nearly as is 
possible in so fine a tissue, decided this question in favour of the latter view. 

t See Monatsberiehie der K, Acad, der Wifentehitften xu Berlin, Jan. 1854. 
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gnied filament accompiniei the senaitm loote; whfle the giuto 
mans (if tliesie wnsitive nwU (my reflex fibres) ndiale in fannd doR 
l)iiiifili*si tkroiurli tlir gelatinous subsUnoe into the poaCeriar grey 
nilumnB and into the sphere of the large mnhi-polar g"»»gKMy 
cells (ninm^iufntlv into the anterior comua). It would, 
n|i|MMr that neither liaff Remuk clearly seen this direct 
while in othrr resp(*cts his description agrees toleraUj well wA 
mine. Still, however, he observes, that the ciradar nswginalflm 
»|)|M*;ir tu indicate tlic paths bj which in decapitated animala stins- 
laMon of MMisitive ner\'es occasions reflex moTementa; we have8K% 
that in th«* anterior c^orniLi, these niai|riual flbres aerre to take wf 
the hin^ntndinal eoluinns through the lateral rays;, and to ooBffj 
theiii to the f^'ut niulti-polor motor cells. 

It is of ini|N)rtance that Kemak has discovered multi-polar edi 
sd^o in the sympathetic, which I have recently seen Yerj beandhllf 
ill the luMihar ^nn^lia of that nerve, and which appear to me to be 
present in :dl its f^iip^Ua, so tliat I can confirm this diseoTerr. 

Sehilf lias also instituted investigations of the spinal cord, coasift- 
in^ eliiefly of viviseetitms, whence he tliinks it may be infored that 
the ^^y substance is insensible, even in the posterior oomn^ hat 
that it |H)ss<'ssf*s fibres, which conduct the received impression to the 
l)r.iiii and exeiti* sensiition, without being thcmselyes sensitive. These 
hr pro{H)s(>s to distinguish by the Strang name of ssthesodic 
fibres, j'roin motor rd)n*s, whi(*h he denominates kinesodic fibres.^ 
It rlearly ap|M*ars, however, from the entin» essay, that Schiff bts 
invariably confounded n*Hex phenomena with sensation or perception, 
and h:LM falh^n into the ern)r of so many ^Titers, who r^ard shriek- 
ing as an invarialih^ proof of sensiition, whereas I have shown that it 
may also take plaee without jxTception. But the fact established by 
his ex[NTiMients, that if wc cut transversely through the spinal cord, 
and then prick the grey substance with a needle, no pain is excitei, 
n> has been alrcacly ob>crved by otlier writers, appears to me to be 
iMi|)ort:int, and coidirnialory of wliat I have advanced in reference to 
this |)oinl.t 

Still more imp(»rtaiit, in my opini(m, are the investigations in 
whir.ji \\ii endeavoured, by numerous vivisections, to prove, that the 
anterior columns of the spinal cord possess motor fibres for the ex- 

• Coviptfx reti(lnjt, 22nd May, 1854, pp. 924 t^t seq. 
^ I. r. p. 929. 
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tremities^ and the lateral colanins films for iiie movemeat of the trunks 
that is^ of the thorax and abdomen. The organic filaments for the 
stomach and intestmes are referred by him to the anterior columns^ 
and on cutting through the latter, red spots, merging even into dark 
brown, with separation of the mucous membrane^ appeared in the 
stomach. But the experiments in which the lateral columns in dogs 
were cut through on the one side, are extremely remarkable. These 
an im al s Schiff was able to keep alire firom six to ten weeks^ the 
paralysis which first occurred rapidly disappearing^ so that the dogs 
completely recovered^ and ran i^n four feet; while, however^ all 
motion of the ribs and of the abdomen^ as well as respiration, had 
ceased on the injured side.* 

If with this we connect the opinion of Clarke, who, as I have 
above stEited,t believes he has ascertained, that through the entire 
spinal marrow a column of ganglionic cells is present at the sides, 
from the upper part of which the accessory nerve springs, the view 
advanced by Schiff acquires great probability, and deserves closer 
examination. 

Further, since the first appearance of my essay, three special works 
on the Spinal Cord have been published, in whidi the propositions 
and statements put forward by me, have been in general confirmed ; 
mz. : — J. van Lenhossek's Neue UnUr9%ehungen ueber den feineren 
Bau des eeniralen NervetuyHems des MenBthen. Wien, 1855. F. 
Bidder and G. Kupffer, UfUerwelunpen ueber die Te^tur des Eilck- 
entnarie, Leipzig, 1857 ; and the great work of B. Stilling, Neue 
Untereuekungen ueber den Bau des Ruckenmarks, 3 Lieferungen, 
1856, with Atlas. In general, by far the greater number of my 
results have been confirmed by these writers. The work of Lenhossek 
is purely anatomical ; he has shown that the course of the nerve- 
roots is not horizontal, but that it is directed obliquely upwards in 
the spinal cord ; I have seen this established in his own preparations. 
Other fibres which he represents in his work as descending obliquely, 
although the drawings of them are more linear (Plate III. Fig. 1, 
letters e e e), appeared to me to be connective tissue, accompanied 
with Uood-vessels : possibly they may also be the roots of the 
sympathetic nerve. The mode in which Lenhossek makes his pre- 

• Vierordt, ArMv fur Physiolog. Htilkunde, 13 Jahrg. 1 Heft. 1854, pp. 
30 €t $eq. 
t See p. 17. 
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parations renders them clear indeed^ but not adapted for the easy 
distingaishing of the primitive fibres; he follows Clarke's method 
with turpentine, which, according to my experience, cannot lead to 
correct results, as the spinal marrow is too much altered by that 
agent. 

The work of Bidder and Kupffer differs still more in many principal 
points ; chiefly in consequence of the peculiar ideas of the writers, 
that the greater part of the grey substance, a portion of the white 
medullary matter, the entire posterior commissure, and a part of the 
anterior commissure, consist of connective tissue, and not of nerve 
filaments. I cannot at all coincide in this view; besides the unphy- 
siological nature of the idea, it may suffice to observe that connective 
tissue always contracts strongly when it is laid in a saturated solutioa 
of chloride of calcium, in consequence of which the pia mater curls 
up, from the loss of water; this is, however, not the case with the 
parts of the spinal marrow in question, the blood-vessels alone are ac- 
companied by a little connective tissue. Moreover, connective tissue 
long resists putrefaction, while everyone knows how rapidly the spinal 
marrow after death becomes soffc^ and almost fluidifies. 

In other respects. Bidder confirms nearly all my observations* 
Stilh'ng's work is uncommonly copious, three tolerably thick quarto 
volumes have appeared, and still it is not completed. It contains 
many observations and measurements, and a very complete history; 
but is also purely anatomical. Stilling too, corroborates pre% 
closely all my remarks. 
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CHAPTER n. 

ON THE METHODS OF INYESTIOATIOK. 

If we inquire why, in the important study of the Spinal Cord^ so 
many distinguished authors and able microscopists have arrived at 
such opposite conclusions^ the reason appears to me to consist^ in 
general^ not merely in the great difficulty of obtaining suitable objects 
for microscopic examination, to which I have already alluded in the 
Introduction, but also in the variety of the modes employed by 
different authors to render the objects transparent and fitted for 
microscopic investigation. 

Stilling endeavoured to obtain the d^ree of hardness necessary 
for making fine sections of the spinal cord, by placing the part in 
spirits of wine ; for this purpose he employed tolerably strong alcohol. 
I have followed the same mode of operating, but experience has taught 
me that ordinary spirit, the specific gravity of which ranges between 
903^ and 917^, is better than stronger; the spinal cord is, indeed, more 
rapidly hardened by the latter; but the tissue is also more quickly 
changed, as the fat is extracted by the strong spirit, is deposited as 
irregular globules or in the granular form between the fibres, and 
finally collects in larger masses, rendering the medulla quite un- 
fitted for minute examination ; in weaker spirit, the change ensues 
much more slowly, and a hardened portion can be used for a much 
longer time. 

Eolliker, following the mode proposed by Hannover, has strongly 
recommended chromic acid, by which a considerable degree of hard- 
ening is obtained, and he subsequently clears the medulla, which 
has been rendered very opaque by the acid, with a diluted solution 
of caustic soda^*^ a plan which has found pretty general accept- 
ance. I also have tried this method, but cannot join in the great 
praise which Eolliker gives it. It is true we can prepare fine sections, 
and make them transparent with a solution of soda, but in general 
the object becomes too uniformly transparent, and we cannot satis- 

• MikroBk. AnaL, II Th., 1 Abth., p. 424. 
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factorily trace the filaments^ especially those of the ganglionic cells, 
which are rendered invisible, — a defect made manifest by comparison 
with alcoholic preparations. 

Schilling, too, complains that preparations treated with chromic 
acid are little adapted for the observation of these filaments,*^ and it 
has struck me very forcibly, that in his beaatifol drawings. Tab. I. 
and II. Figs. 1 and 2, the ganglionic cells are everywhere represented 
without efferent filaments; although he has beautifully shown the 
nerve-roots. I suspect, too, that this is the principal reason why an 
observer, otherwise so accurate as Kolliker, — ^who may be classed 
among the first microscopists, and whose observations are generally 
highly characterized by correctness, — so completely differs on this 
point from later writers. 

Clarke has adopted a totally different method in his preparations; 
he recommends that, after hardening in spirit, they shall be moistened 
on a glass with a mixture of three parts of spirit and one of acetic 
acid, which renders the grey matter more transparent. According 
to a second plan, he lets the thin section first macerate for one or 
two hours in the mixture of acetic acid and spirit, and ihea lie again 
for the same time in pure spirit; he next places it in turpentine^ 
which expels the spirit in the form of dark drops, and quickly makes 
the section perfectly transparent. He afterwards immerses the latter 
in Canada balsam and covers it with a glass.f This plan did not 
succeed well with me; the preparation became only partially clear, 
and the ganglionic ceUs, from which the fat seemed to be removed, 
were rendered indistinct. 

Wagner recommends a solution of sublimate. 

When I next attempted to solve this difficult problem, I endea- 
voured to discover a method which should possess, in an increased 
degree, all the advantages of the former plans, without their disad- 
vantages ; after trying several saline solations, acids, alkalies, and 
also glycerine, I had at last the good fortune to discover a mode of 
preparing these objects for the microscope, which, according to my 
experience, deserves to be preferred to all the others. 

The spinal cord, divided into portions not too large, is first to be 
hardened in spirit, and so soon as it is sufficiently hard (for the 
shorter time it has lain in spirit the more distinct will the prepara- 

* /. c. pp. 56 et. 9eq, 

t Pkii. Tran*. 1851, Part 2, pp. 607 ei ieq. 
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tkma be)^ fioe sections are to be made,* one of which is placed with 
a little distilled water on glass and covered with a thin plate of the 
iame material. The two projecting edges of the latter are next to 
be very gently and alternately pressed, so as to force the water 
between the fibres of the section. The water very quickly becomes 
naiSkj, and is to be washed away by constantly dropping a fresh supply 
at the edge of the covering glass, the alternate pressure being at the 
same time repeated, until the washings cease to be milky. Care 
flliould be taken to prevent the pressure being sufficient to alter the 
form of the object, as in that case, the motion communicated to the 
covering glass would tear the medulla, and the connection of the 
parts would be broken up by the water passing through it. In this 
manner, with some caution, we easily succeed in washing away the 
jEit granules and loosened portions which interfere with the dear- 
neas of the object. 

The same end may also be attained by placing the section for some 
moments in ether on a watch-glass ; but if it be allowed to remain 
too long in the ether, for example, more than half an hour, the 
ganglionic cells become invisible, in consequence of the disappearance 
of the granular fat. I have always found washing with water satisfac- 
tory. By applying a good deal of water at the edge of the covering 
glass, and holding the glass obliquely, the covering glass glides, of 
its own accord, off the object, witiiout injuring the latter. The sur- 
rounding water is now wiped away, and a couple of drops of con- 
centrated solution of chloride of calcium are brought by means of a 
glass rod upon the section, which is to be covered with the thin 
plate of glass; the latter is to be gently pressed and allowed to stand; 
after half an hour, or even sooner, it will be seen that the object is 
bq;inning to become transparent. After the lapse of eight or ten 
days the object will be extremely transparent, and all the fibres will 
be distinctly visible with sharp edges, a very great advantage being, 
that the minute capillary vessels become more distinctly visible and 
distinguishable from the nerve filaments. The fat, which is still 
present, sometimes begins to collect, here and there, into small 
granules, and to render some parts less clear, especially if the object 

* For this purpose I make use of a broad sharp razor, supported on the 
forefinger of the left hand, by which the direction of the cut can be very 
accurately guided. It is of importance to moisten the upper surface of 
the instrument with spirit, odierwise the thin section adheres to the 
razor, and is torn. 
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GERLACH'S PROCESS. 33 

It is now gratifying to me to be able to state^ that I have not been 
obliged to withdraw anything which I before put forward, either as 
hllj ascertained, or as still liable to some doubt ; on the contrary, the 
nsults of my former inyestigations have been confirmed, and have 
received the support of some additional facts* 

In order to see the ganglionic cells^ th^ connexions, and the nerves 
arising from them, lean, however, finally, above all recommend, with 
■ome modification, a method proposed by Gierlach, which consists in 
colouring these parts by means of carmine. After some trials, I 
find that the following mode of making preparations is the most 
satis&ctory, and it is in many respects still better than that with chlo- 
ride of calcium. The spnal cord (and best that of a calf) is hardened 
for two or three days in spirit of from 849^ to 872*^, a very fine 
section is made and placed in a watch-^glass with a saturated solution 
of pure carmine in water, and one or two drops of caustic ammonia ; 
in this I do not allow the object to remain more than four or five 
seconds. The object, after again being placed in spirit, in order to 
wash off any rednndanoy,is laid upon a glass and allowed to dry a little, 
after which a couple of drops of spirit of turpentine are added. If 
it is now left for twenty-four or forty-eight hours, without a covering- 
^aas, but protected from the dust, the spirit evaporates, the object 
becomes perfectly clear, and all the cylinder-^xes and ganglionic 
cells are seen coloured red, but not the outer walls of the nerve tubes, 
which remain white ; the blood«vessels and connective tissue also 
become coloured. The object is now covered with Canada balsam 
and a glass — G^lach uses a dQute solution of carmine, and lets the 
object lie in it for twenty ^-four hours, but the colouring is then less 
sharply defined.* 

ever, bear in mind, that if we allow the object to remain long in a solntion 
of chloride of calcium withoat a covering glass, it will shrivel ap. 

* This paragraph, which does not appear in the original, is among the 
additional matter kindly sent me by the author for this edition of his 
work. The following note, which I have since received from him, is, how- 
ever, still more recent. — ^Trakslator. 

** I now follow Gerlach*8 method of colouring preparations of the nerves 
(which at first did not succeed well with me), by placing the sections in a 
very dilate solution of carmine in spirit, and allowing them to remain in 
it from twelve to twenty-four hours. Formerly I was in the habit of laying 
them in a watery solution of carmine and ammonia, by which mode I ob- 
tained less beautiful preparations. I now add spirit to a few drops of a 
strong solution of carmine and ammonia, until it acquires a light rose 
colour, which I prefer.*' 

D 
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\ . **e!« an- rli^iiniTiis-.ov: irozn the filAir.ems of the ganglionic crfb br 
a pnni'ularlv stroniriv-inarkevl iJge. Mv fonner preparations, 
«l:i' h wf-rc k('])t in a ililuie solution of ar^nions acid^ have 
o(rusion;Jly mi:^le«l mv in this re$})ect, although in these too 
t}i«- triir- ronnexion is plainly visible. Sometimes^ two ganglionic 
r-<lN n*;ir oiu.* anntlu.r arc oimnfctt-d bv a tolerablv thick filament:* 
;ilrno-!t jilw:i\s iIr- romiexiun is visible, lither between the adjoining, 
or \}i'\\s *'<•]{ jnon* reiiiotf g.iiiglionic Cills,t for, not unfrequentlv^ a 

• Sri: I'ijir. 1 ft a\ iiia^iiitit'd (nic hiiiulri-d times. I greatly prefer in 
V tii r;ii, liiit ('^|)4:ri)illy in x\\v.m: complicated tissues, n moderate raa^ifying 
|i<iuci- , ill <'i</lit\ or one liiiiidrcd diaiiK'tcrs we not only sec the fibres better 
di-fimd, hut tlir iarpr field thus ohtained exhibits the cunnexious more 
ili^titii ily. It IS only ax an auxiliary and as a means of comparison that 
I nuilif unf ol" greater magnify in|; powers. 

I l-'i^.. 1 h r. 



EXPLANATIOir OF PLATE I. 

All the figures illuBtrating the Essay on the Spinal Cord are magnified 
one hundred times, except figure 5 and figure 8, which are magnified 
about sixty times, and figure 12, which is magnified ten times. 

Fig. 1. Part of a Group of Ganglionic Cells from the Anterior Horn 
of the Lumbar Portion of the Spinal Cord of a Cow, in which the 
numerous filaments of communication, whereby these cells are connected 
with one another, are visible, page 35. 

o a\ Two ganglionio oellB, connected by short filamento ; lome oommnnicafting flU- 
menti are longer, as between b, e; othera mn over a ganglionic odlaa a', a ; otliera 
appear to be connected by more than one filament, a, d. 

Fig. 2. A similar group of Ganglionic Cells, page 35. 

a, h. Longer oommnnicating filament. 

Fig. 3. Transverse Section of a Portion of the Anterior Horn of Grey 
Hatter, into which some Nerve- roots enter, page 38. 

a. Orey matter of the anterior horn, in which are several multi-polar cells, connected 
with one another by a network of communicating filaments. Among these, blood- 
vessels also mn, of which two are shown at a a ; from the cells several filaments are 
seen at 6 6 6 6, topaasinto the nerve-roots. 

Fig. 4. Longitudinal Section along the entrance of the Nerve-roots 
into the Anterior Horn, and origin of the Motor Nerves, page 39. 

a a. Longitudinal filaments of the anterior medullary columns. 

1, 1'. Two nerve-fibres, running into one cell and appearing to pass into two diilerent 

bundles. 

2, Two other nerve-fibres from the one side derived from one cell. 

3, 4. Two nerve-fibres, passing obliquely under the others into the cell 4. 
5, 6. Other cells, from which nerve-fibres ifsue. 

7. Nerve-fibres, which are lost in the more deeply-ritoated part of the horn. 

8, 9. Communicating filaments between different cells, as they form themselves into 

groups. 



[To face page 35. 
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MUTUAL CONNEXION OF THE GANGLIONIC CELLS. 35 

connecting filament runs over the nest ganglionic cell withont being 
connected with it, ia order to iioite with a more distant cell ;* Bome- 
times the ceUs are connected by more than one filament.t But it is 
not poHoble t« trace ell the filaments : man; are cat off, and a 
mnltitude of alender filaments of the most extreme delicacy appear 
in the meshes of the network, which cannot be further traced4 
BoUi Figures 1 and 2 represent longitudinal sections through the 
anterior comua. The relations in question are best seen in the lumbar 
bulb of the spinal cord of a cow, these groups of ganglionic cells 
being most distinct in large animals, while the number of the cells ia in 
this particular portion of the spinal column greatest, the physiolo- 
gical reasons for which I shall subsequently endeavour to giy^. 

I observed this connexion distinctly also in several transverse 
sections. 

These ganglionic cells are most nnmerouB in the anterior horns 
(as has been correctly remarked by most writers), and particularly at 
the entrance of the nerves. They also exist with their filaments 
in great numbers in the centre of the horns ; there is, however, some 
diversity in tills respect ; in the lumbar and cervical bulbs the an- 
terior bonis of the grey matter are much broader, and the number of 
multi-poUr ganglionic cells is disproportionately much greater than 
in the dorsal part of the spinal cord ; the number of multi-polar 
gBJiglionic cells being, as Clarke,^ Schilling,|1 and Gratiolet^ cor- 
rectly observed (see above), in a direct ratio to the thickness of the 
nerves, arising from the spinal cord. Besides this gen^^ difference 
in the nnmber of the ganglionic cells, I have also fonnd the latter 
mach more nnmeroos in tbe situations where the nerve-roots enter into 
the cord, than in the intervening parts, — an observation quite in 
accordance with the theory of the origin of the nerves from these 
malti-polar cells, of which I shall hereafter speak. 

Besides these ganglionic cdls in the anterior horns, which, as 
KoUiker observes, are distinguished by greater size, ganghonic cells 
also ocenr in the posterior comna, but in smaller number. They 
differ, however, from one another ; some more distinct, are situated 
near the 'entrance of the posterior nerve-roots in the comua, and 
particularly in the fibres ronning round these horns, and sometimes 

■ Fig. lea'. Fig. 2ab, 

i Fig.l ad. t Fig. 1. 

f PkU. Trmu. L e. p. 814. H Sdiilling, L e. p. 39. 

1 Gntiolet, riniUtut, L c 
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KOLUMNAR ARRANGEMENT OF GANOLIONIC CELLS. 37 

Rfier in cells and more distinct in the lumbar bulb. These cells 

i distinguished from those in the anterior cornuii bj having a 
nsaller number of tUaments; many are oblong, triangular, and the 
Binaller ones commonly lie very near each other. When examining 
the Bpinid cord pliysiologically, I shall dweU more in detail upon 
these cdls, which ate comiected exclusively with the posterior com- 
misaure.* 

Lastly, there are also separate ganglionic cells amongst the white 
meduUiiry matter or longitudinal filaments ; they are situated in the 
lateral efferent filaments of the grey substance, which are seen on a 
transverse section, dividing among the medullary matter. Stilling 

s the first to give a reprearntation of these ra\s,t and they are re- 
garded by Todd and Bowman as processes of grey substance, into 
which blood-vessels penetrate from the pia mater.| Indeed, in these 
lateral rays a blood-vessel is often, but by no means constantly, 
found, and in sections phiced in i^liloride of calcium, is very 
plainly distinguishable from the nerve filaments. These cells are few 
in number, and are always separate ; tliey exist chiefly in the vicinity 
of tlic grry matter. Even Clarke, as we have above seen, observed 
these gan^ionic cells ;^ Kiilliker, too, speaks of them, +mt pves no 
opinion as to their probable physiological signification.il 

From all this I infer, that, as Clarke has correctly stated, several 
ooluninsofmulti-polarganglioniccellaextend through the entire length 
of llie spiniil cord, those in the anterior cornua being (he principal; 
next in importance are those at the side of the posterior commissure ; 
then those in the middle of the grey matter, between Ihe anterior and 
posterior horns, and, lastly, those in the posterior horns themselves, 
aa the smallest, Tliese colamns are, however, not to be regarded as 
qait« indie]>eudeut, on the contrary, they are all more or less con- 
nected. Those from the anterior horns in iKirticutar, extend nearly 
(o the beginning of the basis of the anterior horns, or the mid-space 

' Aa Jlidder looks upon tbe entire posteritFr commissure as connective 

■ui!. hrdcniea the prcacnceoTgiuigliciaicceilsinitalao, 2.F,p. 48. Stilling 
luM, boweier, coalirTncil the fact uf their eviateace, I. c. I Liefcruug, pp. 
133 W «rp,, but BccorcIiDg to him they do not occur cvcrynhcrc in ihe 
•piiuil curd, L C.2 Lief„ p. 330. 

t Vd>eT die MrihOa OUm^ala, p. 5. Plate TL, Figs. 1^. 

I Todd, in the Csclopa^'Ua of .inatomy and Phytiologg, art. Nervous 
S^stimi, p. 708. Todd and Bowmiui, Anat. and Pliyiiol., I'art 1!., p. 25K. 

I Phil. TranM. I. c. p. 010. 
^^Ujlrr.Aiiat.,l.c.pAie. See tli««eccltainalongiludiDAl«cetioninP^tf0^ 



38 STRUCTURE OF THE SPINAL CORD. 

between the two horns, and the ganglionic cells situated boe are 
closely connected by their filaments with tbe gronp at the side ol the 
commissures.'^ 

These vertical columns are, however, when viewed in the longito- 
dinal direction, of very unequal size ; not only are thej larger and 
richer in cells in the cervical and lumbar bulbs, but the number of 
cells increases where the roots of the nerves penetrate the spinal oori 
and the grey substance; they thus form more or leas eoherait 
groups, placed in a longitudinal direction above one anoth e r. 

The physiological importance of these multi-polar odls depends 
not only on their communications with one another, bat especially 
on their connexions with the nerve-roots. We have above aeen thst 
although there has been much difference of opinion on this pointy 
and although Kolliker totally denied their connexion with nerfe-ioot^ 
the existence of such a connexion has by later writers been estabKAed 
berond doubt. 

Though I considered that I had formerly succeeded in demonstiat- 
ing this connexion in some objects with sufficient certainty, I have 
recently, assisted by the greater clearness obtained in microscopic 
examinations by means of chloride of calcium, investigated this im- 
portant question as fully as possible. In these investigations also I 
found the lumbar portion of the spinal cord of a cow the most satis- 
factory on account of the greater thickness of the nerve-roota. For 
this purpose both transverse and longitudinal sections should be 
made ; the latter as close as possible to the entrance of the anterior 
roots, in the direction of the anterior horn of the grey matter, or 
rather parallel to the course of these nerve filaments. 

In a transverse direction we often succeed in tracing the nerve 
filaments very beautifully and uninterruptedly from without into the 
comu ; they are distinguished into thicker and slighter fascicule 
penetrating in a tolerably straight line into the grey substance. At their 
entrance into the latter usually lie some multi-polar ganglionic cells 
from wliicli we can sometimes trace eccentric filaments into the nerve- 
roots or lateral radiations, as is very distinctly reprcsentetl by Clarke,t 
although this writer did not recognize the importance of the fact. 

Of this I have endeavoured to give as accurate a representa- 
tion as possible in Fig. 3 ; where we see the network of interconunu- 
nicating filaments, among which, however, a couple of blood-vessels, 

• Fig. 12, /, *. 

+ Philosophical Tramactions, I c. Fig. 15. 



CONNEXION OF CELLS WITH NERVE-ROOTS. 39 

a a, are visible; wMe Bi b b b bj'Wesee filaments derived firom the 
ganglionic oells^ spreading out in tlie nerve-roots. It is necessary 
to be carefol not to oonfonnd minute blood-vessels^ whicb nsnally 
accompMiy the nerve-roots on their entarance, with nerve filaments or 
efferent threads from the ganj^onic cdls. I may observe that I 
have succeeded much more satis£actorily^ in some longitudinal sec- 
tions^ in finding the connexion of the nerves with the gan^onic cells, 
or rather their or^in from tliem, on the anterior or motor side. After 
having first accurately determined in a transverse section the direction 
of the anterior horn and the oitrance of the nervesi, the knife should be 
placed as nearly as possible parallel to the entrance of the nerve; 
thin laminsB should then be made in that direction, which should 
both comprise the entrance of the nerve and should penetrate into the 
grey substance, when we shall veiy easQy see the roots of the nerve fila- 
ments transversely between the longitudinal fibres penetrating to the 
anterior grey comu. On account of the great number of ganglionic 
cells, however, we rarely succeed in this ritnaticm in observing the con- 
nexion with certainty ; the nerve-roots for the most part run through 
the ganglionic cells and terminate without being connected with the 
latter, in other words, they have been cut off. But this is to be ex- 
pected in consequence of the thinness of such a section, and the 
curved coune of the nerve-roots. Sometimes, however, when we 
have by chance hit upon the exact direction, the connexion is so dis- 
tinct as to leave no doubt upon the subject. From among several suc- 
cessful sections, I have given a fedthfol representation of one, in which 
the connexion had been very perfectly preserved and was very dis- 
tinctly seen ; so much so that by far the greater number of nerve 
filaments could in this situation be traced to their connexion with 
the ganglionic ceUs. 

We see this represented in Eig. 4, only a few longitudinal medul- 
lary fibres, a a, being retained, in order to render the drawing not 
unnecessarily large. We here observe inferiorly, under 1, not less 
than eij^t filaments in connexion with ganglionic cells, while from the 
uppermost bundle four filaments can be traced to such bodies. 
Among these filaments those marked 1 1 ' are both derived from the 
same ganglionic cell, the anterior in the centre, which gives off a 
filament to each fEtscicnlus ; at 2, we see two filaments, derived from 
the one end of a gangUonic cell, while the cell marked 4, likewise 
gives off two filaments, running out in an oblique direction under 
the other nerve filaments to the superior bundle at 8, just as the cell 
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S Vkemiat give* off a Berre SiMma^ whkk pMKi oMiqf Ij on cr 
wmtMha gu^ioDJc ecfl nmnng mtar 1'. Ai 6 ii die aoil icBOte 
gaaf^aomc eefly eonnectcdwitk tke Mrre fflaKBte ; but from the Cm- 
dcaiBs tt 7, viiidi iiBac tiaccdt * ihniml wa» cwnrrted wiA aocQ 
■tM<4*ft u A idD grmcr dMUBoe, bat vUck I InfecMiiittedvmQider 
Dol to ciiljffgc the dnving oaBBceauilj. ThecomexiaQof mmeroos 
giDgltt vith oae another {as the eefl S, aad the odb maiked vith 9) 
is here abo Tery beaanfaUj shovn. Moii «f the etmmttiiag ila- 
menta of these cells aic^ hovcvcr, cot oB, while maoT fihonents, 
visible in the ofajecty but vhich eoi^ not be tnoedp and whitk 
vooU onlj hare made the dimwing imKitinrt^ are not incfaided; as 
it is impossible to reprodnce m a diaving the entire copiousness of 
nature. In several places^ moreorer, in this yerj socjceasfti lprepaiatioii 
the passage of the nerve filaments in the ganglionic oeDs was cksr 
to demonstntion; the specimen was taken bom the Inmbar portion 
of a cow. The origin of the anterior nenre-roots from the gan- 
^ionic edls is here so evident as to leave no room Cor donbt on the 
subject. 

If we take a transverse secti^Hi, so suocessfallv made (of which I 
possess several specimens) as to show exactlj the entrance of a 
thick nerve*root into the grey substance, I mostly find two nerve- 
roots together, which on entering the comu extend laterally and 
towards the centre^ and cross one another ; many filaments run along 
the outer edge of the horn, others spread through its middle. Of 
thi24 Schilling has given a very beautiful drawing,* exhibiting, 
however, only slender nerve-roots, while, as I have already remarked, 
no efferent filament or connexion of the ganglionic cells with the 
nerves is anywhere represented. 

In one very beautiful preparation,among several others, the expansion 
of the nerve-roots in a transverse section was very evident, of which I 
have given in Fig 5, a drawing as accurate as possible. We see here 
alno a tolerably thick nerve, a, and a more slender one, 6, passing 
through the medullary portion in the anterior grey substance, of 
which Horno filaments unite with ganglionic cells, c c c.f 

• /)e Med. Spin, text., Tab. I. 

t A ropiouH network of ganjflionic cells was situated somewhat further 
from the rdj^e of the jp-ey substance towards the centre ; but in order not 
to mako the drawing too large and complicated, these have been omitted, 
and the ganglionic celU c c c^ which belong to a very rich group, have 
bson brought into the drawuig, although they were situated at a somewhat 



EXPLANATION OF PLATE 11. 

Fif^. -0. Trans verK' Section throagh the Anterior Horn, and entrance 
of a Nerve-root, page 40. 

AAA. MedolUry mattor or ntafior eolnmu, the lungitndiiud fibrai of which are 

cut acrun. 
B B. Qnj matter of the anterior horn with its ceBe and nerre-fibree. 

a, ft. Two notor nenre-rootii, dividing in the (rrey matter. 

eee, Multi-pular oella into which the fibres of the nerve-roots pass. 

d, «. Another group of rcIU which arte connected, partly with the preceding, partly 

with one another, and receive nnmcroua filamoite finnn the marginal fibres sur- 

nmnding the grey mattvr. 

/» 9% A» •'. Orcy radii, pnxHwding from the horn and the white medullary columns and 
hers dividing ; their flbreM either pass at once into cells, as st /, or penetrate to 
the remote cells, ss nt A, or they form marginal fibres as at t, all of which appear 
to be lost in remote cells and decussate with the nerve-root a, without passing 
into it. 

Fig. 0. Longitudinal Section at the Margin of the "White and Grey 
Matter from tlie Anterior Horn, page 43. 

fi, A. LiiiiK'itudiniil iiio<lullary fibres, of which a fiew of the most internal at a and g 
piihi.u\t>r iiitii iiiulti-|)oliir iH)llii; at g nnothcr cell is faintly seen between the 
luiifrituiliiiiil liliivrt. 

i», i/. 'I'niiiHViM -M' llhrw, nH r«yH of the prey mattor, which run among the medullary 
iliii-fn. Mini lN•Il(lin^' H]i{M<]ir Ht e iind / tu pass into these fibres. The cells thcm- 
hilvi'« art' H^iiiii imitwl liy amiinuincuting tUamonts. 



r To fooo pj^ro 40. 



CONNEXION OF NERVE-ROOTS WITH BRAIN. 41 

There can therefore be no doubt that the roots of the motor nerves 
arise from the spinal cord, and more particularly from the ganglionic 
cells of the anterior homs^ which unite to form a network^ and often 
divide into more or less widely separated groups.''^ 

The principal question therefore is; in what manner are these 
nerve-roots connected, by means of the ganglionic network into 
which they pass, with the brain ? 

That the anterior medullary filaments, which are represented in 
Kg. 6, as cut acrods at A A A, are the conductors of the orders of 
our will to the motor nerves, has been folly ascertained and is ad- 
mitted by all physiologists. The connexion stated to exist between 
these meduUaiy filaments and the grey matter is, however, not so 
evident. In order to demonstrate this connexion it is necessary to 
turn our attention to some other parts of the spinal cord, which, in 
my opinion, are immediately concerned in it; namely, the transverse 
fibres, found on all sides among the medullary longitudinal fibres, 
and radiating from the grey substance throngh the white. See Fig. 

12,/ g, h. 

Stilling was the first to represent these transverse fibres,t which he 
has done very beautifully. He describes them as extremely minute 
prolongations of grey transverse fibres, passing from within out- 
wards, without combining at the periphery to form a nerve trunk. 
These minute fibres according to him almost always accompany pro- 
longations of the pia mater and vessels, and are to be regarded as 
vascular nerves, providing for the nutrition of the spinal cord and its 
parts.| In the medulla oblongata these fibres are more numerous 
and more complicated, even participating in the formation of a 
very complex network, which, according to him, is constituted by 
a portion of the posterior nerve-roots, separately penetrating be- 
tween the longitudinal fibres.§ That these radiating fibrous fila- 
ments are related principally to the blood-vessels, is admitted by most 

greater distance, and the nerve-roots in these sitaations were consequently 
somewhat longer ; the connexion can in some be distinctly foUowed. 

* This origin of the motor nerves from the ganglionic cells of the anterior 
horns is now admitted by all. Stilling (2 Lief., p. 315), and Bidder (pp. 
61 €i »eq,), confirm my observations on this subject. 

t Stilling, Ueber die Textur und Function der Med. obi PI. I., II. 

t il c. p. 5. He mentions these transverse fibres also in his former work, 
Ueher die Textur dee EOckenmarkst ^nt without distinctly representing 
them, pp. 21 et eeq. 

I /. c. p. 8. 
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wriUtn, M I have above stated.* KoIEbr, Iwc«a, rcorda diem 
an i\iti continuation of the motor BOve-focCBi ad Bwre esfedallv cl 
the rxtrrnal ra/liral fibres entering into uk affaiDr htfrss vbidi, 
acYinling to him, run mostlv in ^uEer burallw or eves resotved 
into fiifigle fibres, and therrfore km difldnctlT vvihk, in pan back- 
wani.«, |iartlj in a cnrve ontwardfl^ and inaOv mtb id de aacaior 
half of tlir. lateral column!!, where tber paai tkrov^ the ooer granp 
of ^nglionic cellji (according to Kolbkcr, widioat bcooninfr oon- 
nf'Cted with them), and are lost in the ktcnl eohmaa^ He wvs 
farther, that in lonfritiidinal sections we see, not tbeir cofliKxioa 
with the anfi'rior roots, but (what is important) with the ktend 
rolumrm. These transverse fibres penetrate to various difiiwrfs into 
thtr Uteral columns, Ut nearly the half or even JEuther, then curve 
upwards, and now proared as longitudinal fibreB.t In his ootlise 
figures he does not, however, delineate these transverse nva.{ 

Clarke seems to retfard thc*se rajs as consistinir onlv of Uood-resadL 
probably in consequence of his mode of preparing the sections^ wfakh 
so completely alters the most minute nerve fibres as to render them 
invisible, while the blood-vessels continue distinctly qyparent ; he, 
consequently, represents only blood-vessels with their numerous 
ramifications.§ 

Scliilliiig speaks of tlir same transverse fibres and says, that the 
grey substance viewed under the microscope appears to be fumshed 
as it were with numerous t<*eth and sharp needles, and sends out 
distinct prolongations, many of which run through the white nuitter 
to the circumference of the spinal cord.|| But it is very strange that 
this writer, who also admits that the nen'c-roots terminate in the 
grey substance and pass into ganglionic cells, should still look upon 
these lateral rays — although thoy are not at all connected with the 
nerve-roots — as nerve fibres, entering obliquely, and therefore only 
partly visible on a transverse section and not reaching the periphery;^ 
for these reasons he also, with Kiilliker, considers all transverse fila- 
ments in the medullary portion to be nerve filaments.** But how it 
is possible to imagine these transverse rays in the lateral columns to 
be prolongations of the nerve-roots, which are said to terminate in 

• /. c. p. 30. 

t Kolliker, Mikrotk, ^nat., p. 419. t /. r. Tab. IV., Fig. 3. 

§ PhiL Trans., I. c, p. 615, Plates XXL, XXII., XXIV., XXV. 

II Schilling, /. c. p. 11. f /. c. p. 26. 

•• /. c. p. 35. 



^^H NATURE OF THE TRANSVERSE FIBRES. 43 

TBgri^ matter- iu the ganglionic cells, I do not understand ; we need 
consult only Scliiliing's own drawing to be convinced that the 
transverse raya in the lateral columns arc unconnected nith the 
anterior nerve-roots.* Todd and Bowman have already correctly 
refnted this idea, which was previously pat forward by Stilling.t 

From these statements it is sufficiently evident^ that no clear idea 
has been formed as to the nature and essence of these transverse 
fibres ; I think, however, that my in ves ligations are capable of 
satis&ctorily explaining what is apparently enigmatical in reference 
to them. In consequence of the curved and scattered course of these 
transverse fibres through the medulla, we seldom succeed in finding 
them or discovering their connexion with the longitudinal columns. 
1 have, however, obscrvecl, that they cune and pass into the longitu- 
dinal fibres, as I have represented in Pig. 6, from a very successful 
longitudinal section, taken from the antero-lateral columns. We here 
see the transverse strands, c d, bending into the longitudinal fibres ; 
yet at the same time the innermost longitudinal fibres carve towards 
the grey substance and pass into the ganglionic cells ai a g, n fact 
which Schilling also rppresents, and says he has only once observed.J 
I Imre often met with this, and in the preparation whence l!\. 6 was 
t«ken, only a part of which is represented, it occurred in several 
places.^ 

Even among the longitudinal columns we sometimes meet a gan- 
glionic cellfll which probably serves to connect the longitudinal fibres 
with the more deeply penetrating transverse rays. These ganglionic 
ceUs ore connected througii their filaments of communication with 
other ganglionic cells, as is shown in the drawing. The connexion 
of these fibres, is, however, very distinctly seen in the transverse 
section already given in Kg. 5. Thus two nerve-roots are here ob- 
served, a b, penetrating into the grey matter, which, from their 
sntrance into the latter, were very beautifully seen, but of which, in 
order not to moke the figure too Ui^, only a small portion of the 
tnmks is represented. On either side of these nerves we see »,t/, g, 
A and t, the transverse fibre-rays passing from the grey substance into 
the while medulla AAA, where, after having given off several 
brww^hes, they are lost before they have reached the outer boundary 
of the medulln. At_/ and g we sec some of these fibres passing im- 
c. Tub. 1. t PMgiiof. Anat., Piirt II., p. 259. 
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mediatdj into ganglionic cells; othen, however, curve right and 
left along the periphery of the grey matter. This is particnlaily evi- 
dent in the fibres from the rays », some of which arise from the more 
distant kteral rays not taken into the figure, and abnoat all curve 
towards the nerve and between the fibres of the nerve-root without 
mingling, to terminate in the ganj^onic cells at e and rf/ which was 
I)articukirly well seen in this preparation. These ganglionic cells are 
again connected with the great ganglionic network, of which the cells 
e e e — whence the nerve-roots take their origin — constitute a small 
portion. A fasciculus from the nerve-root a is, however, seen to 
psiss obliquely into the ray i, and hence to press further into the 
grey matter and end in ganglionic cells. 

From the foregoing, the nature of these filaments may, without 
much difficulty, be explained. Thus the longitudinal white columns, 
for the most part, maintain, as aU writers have observed, parallel 
course?, and present no apparent termination, while from the grey 
substance lateral transverse bundles radiate, which divide and are 
scattered among the white columns and take up their fibres, Fig. 6, ^ f 
df. In this manner the longitudinal fibres, as conductors of our will, 
pass into these transverse fibres, and thus the orders of our will are 
conveyed along these rays to the ganglionic net, whence the motor 
nerves take their origin. This of itself explains why so many gan- 
glionic C(*lla are situated at the outer edge of the grey matter, into 
which we do not see the nerve-roots pass ;* these last arise rather 
from the centre of the anterior honi, namely, from the ganglionic 
group, which receives on all sides communicating filaments, arising 
themselves from the marginal ganglia or from the transverse rays. 

It is, however, not always that such a decussation of the trans- 
verse radiating fibns Mith the nerve-root at its entrance is seen; 
souK'times the filaments of the nerve-root themselves appear in part 
to bend alonj^ the margin of the grey substance, and here to pass 
into cells which are connecU^'d with the radiating fibres, while other 
fibres keep more to the middle and penetrate to the i)rincipal group 
of the ganglionic cells. 

• By this observation Clarke was, as we have above seen, misled ; for, 
Heeinj; that the elongated filaments of the ganglionic cells also ran into 
the lateral rays, which were connected with no nerve-roots, but according 
to him consisted chiefly of blood-vessels, he inferred that the elongated 
filaments of the cells in the nerves themselves, which he so beautifully 
represents, could not be connected witli the nerve-roots, but served only to 
accompany the blood-vessels. See above, p. 16. 



^^H POSTERIOR HORNS AND NERVE.ROOTS. 43 

^^^ftese transverse radiating fibres are, therd'ore, the meaas of com- 
muaication between the anterior and lateral longitudinal columns and 
the grey substance, or ratlier tlie ganglionic cells, whence the nerve- 
roota arise. Hence is seen also nhy the longitudinal fibres of these 
white CLilamns maintain such a parallel course. They would of ne- 
cessity exhibit a more plaited appearance, if fasciculi of some of the 
fibres constantly passed from without between the others towards the 
centre in the grey substance ; but it appears, on the contrary, that 
the grtry matter sends off transverse rajs, subdividing among the lon- 
gitudinal fibres, and taking up these fibres, or, if we will, passing into 
them. It also follows from this, that these rays are most numerous 
where the thickest nen*ea arise, or where the most complex nervous 
connexions are situiited ; to be convinced of this it will be suflicient to 
compare the first three drawings in Stilling's work on the medulla 
oblongata, for example, Plate U., Fig. 1, from the dorsal portion, 
with Pigs. 3 and -I from the cervical bulb. I cannot, however, de- 
scribe tliis connexion very fully, until I come to the physiological 
explanation of this wonderful tissue of fibres in the spinal cord, to 
which I refer the reader, but as preparatory to which I must first 
explain the structure of the spinal cord and of its tissue in its in- 
tegrity.* 

The exaraiuntion of the structure of the posterior horns and the 
nerve-roots entering them is much more difiicolt; partly in conse- 
quence of the greater complexity of the fibres, the difl'erent directions 
they assume, and their connexion with one another ; partly from the 
greater minuteness of the nerve filaments rendering it much harder 
to follow them with siifiicient accuracy, at least separately ; and partly 
on accoont of the remarkable phenomena of reflexion, which indis- 
putably takes place in the spinal cord, a satisfactory eiplanalion 
of which has coustituted so great a stumbling-block to physiologists. 
It is therefore not surprising that various opinions should be put 
forward by different writers in reference to the structure of this 
part and the course of the sensitive roots, 

We have already seen (pages 6 et leq.), that in order to cxpUia 
these phenomena of reflexion, Volkmaun resorted to the idea of a 
transverse conduction, describing the stimulus as leaping over from 

■ Bolh Bidder (/. t. pp. 81 ei teq.) and Stilling (2 Lief., pp. 162 et jrej.) 
have cimfinned the fact i)f this connexion of the lougiludiufil medullary 
Sbres with the gangtionie cells uf the gre_v Htibatance bjr means of the 
A curving Lato the Longitudinal fibres, discovered by me. 
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a acBsikiTe to a motor uq te>* Wagner propoaed tbe Torj ingenioiia 
hjpolheaia, that the nmld-pokr gangHonic ooUa eonatitiited Aa con- 
nezioii b c t w coi theae ntarrm, and that the iintation was co M v ej ed 
through than firam the aenaitiTe to the motor nenrea.t Tfaia ainqile 
and tmth-Uke explanation was rejeoted faj moat anbaeqnent writen. 

IfarshaU HaU suggested the existence of reflex or exoito-motor nerrea; 
bnt their preaence was dispoted by aerend aothors, and eapedaDy, 
and at conaidaable lei^th, bj Todd.^ Todd and Bownmn aasmne^ 
that both the anterior and posterior nerves tenninate in the gr^ 
matter of the spinal cord, and asaert^ that after aeparating the cofaunns 
of the cord along the line of sequence of the posterior roots, th^ 
found these roots to remain with the antcro-kteral oolnmna, and to 
have little or no connexion with the poaterior oolumn8.§ l%ej atale 
their belief that the anterior columna of the spinal cord aenre at tbe 
same time both for aensation and motion, and that the posterior 
columns which, according to them, pass into the posterior horns, 
produce, as connecting fibres between the brain and the spinal cord, 
the coordination of movements. || 

Clarke likewise thinks, as we have above aeen, that the roots of tbe 
posterior nerves are connected through the posterior honis of the 
grey substance with the anterior roots and the commissures. Some 
filaments, according to him, again leave the grey substance, and are 
then connected wiUi the posterior and lateral columns.1[ 

Schilling, who, as we have seen, makes the anterior roots arise 
from the ganglionic cells, says that the posterior roots never penetrate 
into the anterior horns. He also acknowledges how extremely fHfflra ilt 
it is to trace these minute filaments ; but thinks, nevertheless, that the 
posterior longitudinal filaments consist of the fibres of the posterior 
roots.''^ In the gelatinous matter of the posterior horns, however, 
he never saw fibres or bundles pass into the longitudinal filaments, ft 
but he saw bundles of the posterior roots bend upwards, and, what 
is remarkable, also downwards, to be apparently prolonged into the 
longitudinal fibres. ft According to him, all nerve-roots penetrate 
into the grey 8ubstance,§§ but the posterior form longitudinal bundles 

• Phys. Wort., I c. p. 528. i /. c. pp. 398 et $eq. See above p. 5. 

X Physiological Anatomy, Part IT., pp. 307 et seq,, and especiaUy Cyekh 
prrtha of Anatomy and Physiology j art. * Physiology of tbe Nervous System.' 
721, U et seq, 

§ Todd and Bowman, Physiol Anat., L c. p. 302. || /. c. p. 321. 

II Clarke, Phil Trans,, I c. p. 616. •♦ Schilling, /. e. p. 40. 

ft /. c. p. 31. :: /. c. p. 31, Tab. II., Fig. I e, f f /. c. p. 56. 
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^^Wfc grey posterior horn, into which they pass * Qratiolet likewise 
lomeDle that in the investigution of the origin of the posterior roots 
he has not been successful ; he think?, however, that these root* curve 
into the posterior longitudinal columns nnd mingle with them.t 

I freely admit, that I liave found the investigntion of the origin 
nnd conise of the posterior nerve^roots much more difBcult than that 
of the anterior; but I think that by means of my clearer and more 
distinct preporationa with chloride of calcium, I have made some pro- 
gress in this <lir('ctiou. If we miike a longitudinal tliin section at 
the entrance of the posterior roots, we commonly see, that one or more 
roots enter the Epmal eord, but immediately curve upwards into the 
longitudinal column? ; go that it is evident that at least a portion of 
the nerve fibres pass directly into the posterior longitudinal columnB. 

Of this I have made a drandng. Fig. 7, where from a to b a root 
is seen to bend immediately into the longitudinal columns ; these 
columns are again covered by others, and we can in successful sec- 
tions follow them for some distance. They run upwards parallel to the 
white GbrcB, of which they Ihen constitute a part, and are covered by 
Mutative nerves anaiug higher up, bo that they ore placed more or 
less in layers over one another {imbricatim). ^i tliis mode of 
entrance of the sensitive nerve I possess several examples, and am 
snipriaed that it has not been observed by other writers, almost 
all of whom endeavoured to trace these nen'croots into the posterior 
comoa, and have probably overlooked the curving directly under the 
pia m&tcr, although Itcmuk had alrearly pointed out such a course in 
the frog in 1844,1 ^""^ Ehrenberg, Valentin, and Budge, with the aid 
of the microsccii>e, saw the sensirive fibres curve upwards. § As I 
have already remarked, the inferior portion of the spinal cord in 
cows, where the sensitive nerves are so thick, is best adapted to 
thid investigation ; in other animals, where they are slighter, they are 
easily toni in making the section, and the connexion can no longer 
be distinctly traced. Besides these roots passing upwards into the 
longitudinnl columns, transvexse fibres also issue from distinct bundles 
in the posterior cotnmns, and repair to the centre or the posterior 
hom,|| though, in consequence of the curved direction they assume, 
we scarcely ever succeed in tracing them fiir.H 

• Page ei. No. 5, Tab. I. t. t Sec nbove, p. 23. 

1 MuUer, Jrc*. 1841, p. 177, Tab. VIII., Fig. 6 q, u, : 
I VoUimanu, Nervmphij: I. c, p. 511. II Fig. 7. c. d. 

I 5 Inorderto aeeboth kinds of fibwa, the longitudinal and transverse, it 
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This succeeds best in a tnnsrerse sectioii taken exactly where 
the nerre-nwc enters the spinal cofd ; here we distinctly aee it pene- 
trating into the grey posterior horn, as has already been represented 
by Stilling and others. XererthelcaB its fibres are so extremely 
minute and delicate, especially where they run throng the gelatinous 
maner of the pix^terior horns, that it is ?eiy difficult to trace them. 

In Fig. S, I hare giren a drawing (as accurate as possible) of the 
course of these nerve-roots; but it would, in my opinion, be impossible 
to represent the nature andcc^iiousnessof all the interlacements and 
convolutions of the efferent roots. We here see a part of tlie spinal 
cord, in fact the posterior horn from the lumbar portion of a cow, 
where at a, i, r, some nerve- roots enter the cord close to one another, 
some of which at a and i% after their entrance, assume a more trans- 
parent appearance, and seem to consist of transrersdy cut, ascending 
sensitive nerves. These roots very quickly divide into seven! 
bundles, in part connecteil with one another, and forming a sort of 
plexns, but of which I have given only the principal fasciculi ; these 
bundles are therefore separated from one another by the posterior 
longitudinal fibres between which they penetrate. Finally, they 
reach the posteri|r horn of the grey substance, into which we see 
most of the roots penetrate as bundles of extremely minute fibres, ^^, 
capable of being traceil to the centre of the horn at d and e, and 
sonietimc's even a little farther, proceeding chiefly towards the gan- 
glionic cells, which are here situated in groups, although more 
sparsely than in the anterior horns. Their extraordinary minuteness 
has prevented my being able with ])erfect certainty to decide whether 
they pass into the ganglionic cells ; but I have often observed, that 
such a bundle or strand of these fine fibres can be traced into a 
group of ganglionic cells, though not farther ; hence T suspect they 
pass into them, and that therefore they cannot be followed into the 
anterior horns, as some think. 

is best U) divide the himbar portion of the spinal cord of a cow longitudi- 
nally into two equal halves, followina: the course of the fissures ; so much 
of the medulla is now to be cut away at the posterior and under side, as to 
bring the section to the entrance of the sensitive roots ; very thin laminie 
are then to be taken, deviating somewhat, but \er\ little from the longi- 
tudinal direction, that is:— we take a thin segiment of the superior radical 
filament, while in the inferior part of the section we scarcely touch the 
nerve. As the transverse and longitudinal filaments proceed from diiTerent 
bundles, which do not lie in quite the same longitudinal direction, we can 
in this mode obtain both nerve filaments in one section. 



EXPLAXATIOX OF PLATE HI. 

Fig. 8. Transrcne Section of the Posterior Horn with Kerres enters 
ing it, page 48. 

•, ft, c. Nerre-rootB, the fibret of which, dividin{? into plexims, nm tovudi tfaa gnf 
matter, and penetrate bet»wn the lontritntliud niednlUiy fibns ; at « and « m 
obMnre two root*, which do not proceed ftirthcr, and appear to be tnmeated 
■enaory filamentu, the other* are reflex fllamenta. 

d, f. Group of gangrlionic celUi rituated in the middle of the givy matter at tha haae of 
the pr>steiior horn, in which most of the fibres appear to nm togethv. 

/i Portion of the poiteTir>r comniiararc, lome of the fibres of which nm acroaa into 
the grey matter at d and e and are lust, while some paaa into the horn at ky and 
others run into the maridnal fibres AAA which smronnd the horn. 

y ff, Minate fibres of the reflex roots, which perforate the posterior hom in ^ dlfc a a t 
bandies and appear to terminate in the central cells at (f , e. In acnna we see a 
multi-polar ganglionic cell lying close to their entrance. 

AAA. Marginal fibres, which surround the hom on all sides, and appear to arise 
chiefly from the lateral ra3rs at /, and which curve from either side towards the com- 
inon cent ml point at d, e. At the pohtcrior surfnce of the hom and also in the 
neighbourhood of the coiumiMturc several cells are seen sitnated in theae 
marginal fibres. 

i ». Two cells Kituated among the raedullnry celln, the connexion of which I could 
not diHCovcr. 

L Lateral rays, which divide among the white medullary fibres, and pass into the 
mnrginid fibres of the grey matter. 

k k. Other ncnttercd ganglionic cells, lying more dispersed in the grey matter, eepo- 
cially of the poKti'rior hom. 

m. Cut bundles of longitudinal fibres, which occur sometimes in great number 
especially ut the outer margin of thcpoAtcri(-r hom. 



[To face page 48. 
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But besides these nerve-roots^ other fibres occur here, to which it 
seems to me the attention of writers has not been sufficiently directed ; 
namely, the entire posterior horn is surrounded, as with a band or 
girdle, by a bundle of minute fibres of various degress of thickness 
(also represented in the figure athii) .^ This layer of marginal fibres 
is constantly strengthened by the rays which we see ramifying par- 
ticularly in that part of the medulla where the nerve does not enter, 
most of the filaments of which pass into these marginal fibres ; but 
some filaments of the nerve-roots appear also to pass to these marginal 
fibres ; although, of this I do not fed perfectly certain. But that these 
marginal fibres are derived chiefiy from the transverse rays — ^which, 
just as we saw in the anterior horns, cross in all directions through the 
longitudinal medullary columns — ^i^pears from the fact, that if we take 
a transverse section from this part of the spinal cord between two 
nerve-roots, where no nerve-root exists, the rays, although for the 
most part less complicated, are nevertheless present ; and I have even 
found these marginal fibres very thick in such sections.f 

It is particularly to be observed, that the mai^nal fibres possess 
many small, for the most part oblong, ganglionic cells, Tig. 8 A A ; 
which ganglionic cells are not everywhere equally numerous, sometimes 
they are few, sometimes they are in tolerably considerable number ; I 
even found in one section two distinct ganglionic cells in the white 
medulla external to the marginal cells. Fig, 8 t f, without any 

* By these marginal fibres the posterior horn is, as it were, more separated 
frofm the longitadinal columns, and hence it is that in thin transverse 
sections these columns so easily part from the posterior horns on very 
slight pressure ; especially where no reflex nerves enter the horn, and the 
connexion is maintained only by a few slight rays. 

t The use of these posterior rays is not very evident: their course in the 
marginal fibres, and further, by means of these, towards the middle point 
of the posterior horn, Fig. S h h h, & k, appears to indicate a connexion 
between the posterior colimins of the spinal cord, or the conductors of 
BCBsation, and the centre of reflex action ; the physiology of this is, however, 
not veiy dear, as reflex phenomena excite no internal sensation. Nor can 
they serve for the irradiation of sensation, that is, for the transference of 
the impression or of pain to an adjoining sensitive nerve, which it is most 
probable takes place higher up, where the sensitive nerves end, in the 
medulla oblongata. It appears to me most likely, that these posterior 
rays are connected with the reflex nerves entering from behind ; but I think 
it best to refrain from all, perhaps perilous, hypotheses on this subject, 
until we shall be better acquainted with the connexion of these posterior 
rays. 

E 
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Apparent connexion with the nerve-roots. In the sitnation too^ 
where the nerve-roots enter the grey horn, we sometimes meet a 
ganglionic (xil, usually larger than those in the marginal fibres, and 
giving off several rays. Fig. 8 at i. 

These marginal fibres, however, do not surround the posterior horn 
only on the outside, but arrange themselves in pcurt at the basis of 
the horn internally, i t, where, from either side, they meet in the 
group of ganglionic cells at d, e, and cross the nerve-roots which have 
penetrated to that point. All the fibres of the medullary rays do 
not pass into these marginal fibres; some enter, either with the 
nerve-roots, or separately, into the grey horn, and penetrate into the 
centre of the grey substance (see Fig. 8 ^, d, e). 

Lastly, with these marginal fibres are connected the fibres, which 
from the grey posterior conmiissures^ partly spread across towards 
the centre d e, and partly mingle^ with these marginal fibres at k. 

From the foregoing it would therefore appear, that posteriorly not 
only is the tissue of the spinal cord more complicated, but contains 
two kinds of nerve-roots, one kind proceeding immediately upwards in 
the white medullary rays. Fig. 7 a, b, and apparently passing to the 
brain. Th^ are indisputably nerves of sensation ; the other roots, 
however. Fig. 7 c, d, Fig. 8 a, b, c, pass across through the white 
columns to the posterior horn, which they penetrate, and partly mingle 
with the marginal fibres, by which the bom is surrounded, and, as it 
were, enclosed, and which, in the centre of the grey substance between 
the anterior and posterior horn appear to lose themsdvea in 
ganglionic cells, Fig. 8 d, e, wherein at the same time both the major 
part of the marginal fibres and the posterior commissure,^ unite. 
These nerve filaments can scarcely be anything else than reflex 
nerves, conveying the stimulus into the network of ganglionic cells, 
wherewith they appear to be connected, whence the impression 
received can be communicated to the anterior groups of cells, from 
which the motor nerve-roots arise. The transverse roots, which 
have hitherto been regarded as seusitive roots, appear therefore to be 
reflex roots, which accompany the sensitive nerves into the spinal 
cord, where they leave one another ; the first to pass upwards to the 
brain, the others to unite with the common central point for motion, 
that is with one or other group of ganglionic cells in the commence- 
ment of the anterior horns. The posterior horn itself, which on 
account of its great transparency, is stated, although improperly, to 
consist of gelatinous matter, lias, on a transverse section, an el^ant 



EXPLANATION OF PLATE IV. 

Fig. 7. Longitudinal Section from the Posterior Columns, in the place 
where a Nerve- root enters, page 47. 

a, b. A Mfiwiiy nerve-root, which immediately henda upward*, and pasns into the 

loni^itudiiiHl i-ulumna or fibres of Henaation. 
r, ti. A iiecond root, whiwe filaments ran transremely thron|(h the white oolnnina, 

more or lew* divided inttt bundlefl, to be lost as a nerve-root fbr reflex action in 

the poi«teri4ir hum. 

Fig. 9. Longitudinal Section at the Hargin of the Posterior Horn, 
page 51. 

a a a,b b. Grey matter, consiittingr of fine longitudinal fibres. 

e, Wliite niefluJlary flbrei* of ^nvater thickness, passing upwards. 

a a a. Transverse flbraa, which run partly between the thicker mednllaxy fibres, 
pi&rtly among tf e more idcndcr grey fibres, porticms of reflex bundles ; at • • «, 
wo also see several fibres cut across, into which theae reflex fllaments bend, aa into 
the inperior bumdle. 

Fig. 10. Longitudinal Section of a Portion of the long Fibres fmoL 
the Grey Matter of the Posterior Horn with small oblong Cells, which 
here occur in separate groups, page 52. 

Fig. 12. General View of a Transverse Section of the lower part of 
the Lumbar Bulb, magnified ten times, in order the better to show the 
connexion between the parts in Figure 11, which is drawn from the 
same object, page 55. 

a, 6, c. Tho one-half of the Hpinal coni, drawn as accumtely as possible, the other 

half ti, ty btinpr kept in outline to bhow the letters. 
d rf. posterior nerve-ro<tt. 
e e. Ant<>rior ncrw-root. 

/. Rayrt lU-rivjil from the anterior connnissure, dividing in the medulla. 
ff, llayrt which pass on nil hiiIca from the anterior horn into the medullar)- columns 

and art' tliore lost. 

A, I. Marginal fibres ronnd the posterior horn, some of which rur\'o inwards and 
tiikt! up posterior medullary nyn, 

k. Central gan^cHoiiic group, in which the transverse fibres of the pi)storii»r com- 
mihriuro, the imirginal fibres, and the pt>rforating ri'flrx roots of the norvo f/, 
fWK'>m to unite. 

/. Ganglionic colls in the anterior horn, into which partly tho nerve-roots, partly the 
filaments of the marginal fibres, pass (of these ceUs only outline representations 
aru given, as they cannot be seen with this magnifying power; the rest is fiuth- 
fiilly copic<l from nature). 

m. Central canal. 

[To face page 51. 
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TRUE NATURE OF THE "GELATINOUS MATTER." ai 

and wnvj appearance, !Fig. 8 ^ ^, bong very tnmspBrent towards the 
t:nd3] vith a dark marbled border. Several bundles, appearing as 
darker striEc, perforate this horn ; ita structure, therefore, differs very 
much from that of tlie anterior honij wliich lias a more uniform tint, 
and is more or less occupied nitli ganglionic cells, and the many de- 
cussating filaments springing from them.* 

If we now makii a longitudinal section throngh the posterior horn, 
TC sec distinctly that this so-called gelatinous nutter consists of 
minute, transparent, longitudinal fibres. Fig. 9 i i, which, for the 
most part, run a pantjlel course, and are very much slighter than the 
white ascending medullary filaments or sensitive tlireads. (See Fig. 
9 c.) In successful sections we agaiu see running between them the 
transverse fine bundles of the rcficx nerves. Fig. Q a a a, though of 
these, on account of their curved or convoluted course, we can usually 
trace only truncated fragments, always appearing as distinct fasciculi, 



* Hie Qxact conrae of the seiuitivc and reflex roots in the spinal cord is 
certainly one of the most difflciilt sul^ects of inviniti^tioii. Biddersays, tliat 
wkatCTgr troubla he took, he cmild not find the ascending fibres of the 
sensitive nerves which, according to my description, Rccrimpany the longi- 
tudinal medullary fibres upnardH, /. c, )i]i. SI rl leq. This has siirprifcd 
mc, as I have distinctly observed tbcm and drawn t!i(!m from nature, I am, 
therefore, very glad to see my observations confirmed hy Stillinj;. Neut 
Vntmuch., 2 Lief., pp. ZB5 *l iiq. Stilling, however, tliinks that these 
ascending nerve filaments again penetrate the ^tey substance higher up, 
aud that they do not run uninterruptedly to the bmin, /. c, p. 2M. 

Since the piibHcntiou of this Essay, my idi^as on this subject have been 
somewhat modified by the well-known csperiincnts of Brown-Scqiiard, I 
have myself seen that sensation decussates in the spinal cord, and. not in 
the medulla oblongata, as I formerly believed ; at least, if we cut through 
the one half of the spinal cord, the foot on the same side continues sensi- 
tive, and that on theotberside becomes insensible, as 1 observed in a goat 
My later investigations on the medulla oblongata have satisfied me, that 
the sensitive nerves do not themselves decussate, but that in the posterior 
horns they appear to terminate in ganglionic cells, whence other filaments 
arise which decussate. See my Essay on the Medulla Oblongata, pp. 27 
(( teq. [The translation of the Essay alluded to forms the second part of the 
present volume] The posterior columns will therefore contain these decus- 
sated lilamenls, radiating from the posterior horns and curving upwards, 
and we thus obtain an explanation of these rays, the nature of which 1 had 
considered to he obscure. I freely admit, too, that in this Essay I have been 
so far in error, that what I took for sensitive ucrvea, are reflcs nerves, which 
atvariouB heights pass, according to Stilling, again into the grey matter, and 
-that my reflex roots must in fact be regarded as nerves of sensation. 

■ 3 
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and up\'pr ns prrfrrt layrrs of transverse fibres, as they have been 
rejirrwiitocl bv Si-hillinir.* Sometimes these transverse bundles ap- 
peared to bond into tlie longitudinal, which Schilling also obsen'ed. 
( )rrnsjnnnlly, although rather rarely, we find in addition, in the middle 
of this gi^lHtinoiis matter or posterior horn, distinct ganglionic cells; 
these I linvr met with bdth in transverse and in longitudinal sections 
(•see Fig. 10 in a lonptudinalsection). The? are extremely smaU, and 
form small cimimscribcd (groups ; in other places we sometimes see 
larpT ganiflionie eells lying separately in the middle of the posterior 
horn. 

It is ncit easy tonrnmnt physiologirally for the occurrence of these 
Ifinf^itHdinal fibres in the ]X)sterior horn, which is almost wholly 
or, at all ivrnts, in by far the greater part, composed of them. They 
ran si*arr*i'lv Iv ronsidered as sensitive filaments, situated more inter- 
iiall\, anil |in)nr(ling towards the brain; not only because they are 
inurli linrr than tin- white fibres. Fig. 9r, but, and indeed chiefly^on 
account of fhi' varying si/e of the posterior horns themselves; thus 
(lie latter iiTt' larpst in the lumbar and cervical bulbs, in these sitnft- 
lions very nnirli cxrnding in breadth aud extent the bonis in the 
dorsal |ii»rli<»n.t These minute fibres therefore do not run unin- 
ti'rni|it«(lly upwards, as in this rase the posterior horns in the dorsal 
poiiinn roiihl not b<- slighter tlinn in the loins. 

Il\ luiwrvrr, we bear in mind, that the motor nen*es arise from 
groiipHuf pin^lionie cells, and recollect that these groups are reci- 
l»rne:illy ennnecied, in onler to harmonize the movements of different 
iiMiscIo ; that furtlier, in a peculiarly irritated condition of the spinal 
rnnl one .stimulus is capable of exciting very many or even all the 
nerves of the- cord lo c(mvulsive actions, and so can make the reflex 
iiiovrmeiitH rxfiinl to viTy distant parts, it will appear more tlian 
pn»iml)Ie that these longitudinal minute transparent fibres, of wliich 
the po-iferior horns consist, an* fibres of communication, that is, 
tihrrs which connect with one aiu^thcr ganglionic groups situated at 
diMcrefif hrights of |lu* spinal column, and so serve for the coordina- 
tion of ninvenients.t This view is still further corroborated by the 

• ImI,. •.». I'l^'. I. 

f Sir Sill Imp, Mrtt. OhUmffoftt, Pi. I., Fip. 1, compared with PI. 11., 

I 1 1 iippi-iirH III nil- pnilmhie, that some of thi* transverse bundles or 
flli«iiieiitN of the reth'x nervcH pass into these, while other filaments seem 
III unite ill the innnner Hii(?^eAted with the central group of cells, whereby 
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fact that precisely aa the Butmor motor honia are much broader auci 
richer in gimglionic groups in the lumbar and eerTicd portions, — 
whence tlie nerves for the complicat«d movementa of the estxemities 
, arise, — so the post-erior horna are also broader thercj in order to con- 
nect the eieveral groups «ith one another. In the back, however, the 
nerves serve to produce ampler movements, namely, those of the 
intercostal and dorsal muscles, where the several combinations are 
much fewer than between the numerous muscles of the extremities; 
hnd here accordingly both horns are much less extensive. 

We shaD, however, be able to see this more fully, when we have 
studied the commissures of the spinal cord, to which we now 
proceed. 

The same difference of opinion exists with respect to these com- 
missures as is the case with all other parts of the spinal cord. Kolliker 
makes the uervC'roots in part pass into the commissures, as Stilling 
had ab-eady taught : he thinks that the anterior commissure is in 
part a decussation of the anterior wliite fibres of the cord.* Schilling 
remarks that the two commissures consist of grey fibres, and not 
of white medullary filament ; but later observationa by Stil!ing,t and 
my own inrestjgatious, have shown me, that the commissures consist 
oi white matter. Blattman denies tliat the longitudinal white fibres 
pass directly into the commissures ; these, according to the last named 
writer, only mingle with one another, without entering into any di- 
lect connexion 4 

Schilling has most fuUy and ably eiamtned the stmctare and 
connexion of the commissures, and at the same time criticised the 
different opinions of authOTs upon tlie subject, and to his work I 
dtall therefore more particularly refer.§ 

The anterior commissure is very remarkably distinguished from 
ihe posterior, by tlie crossing i^ the fibres in the former, as has been 
abeady represented by Stilling, of which decussation Schilhng in 
particular gives a very beautifid drawing. |i 1 liave constantly per- 
ceived this crossing, and have given a drawing of it from the lumbar 
portion of a oow.^ The fibres, after crossing, turn round, run in 
Ac ctjimesicm betweun the reflex nerves and these Itmgttiidinal Sbne, and 
eaose<iueoUy the multilalcrality of reflexion, tippeara lo be promoted, 

* MUcrott. ^naU I. c. p. 412. 

i Neiu UntfriaeAungen vber ilea Baa Jtt Riictfrimarh, Frankfort, 1856. 
1 Th., pp. 7i el 'f1- 

I Blattman, /. t. pp. 12. 22. f t. c. pp. « t 
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part, freely iuterlacing,* along the inner aide of the anterior fissure 
into the white strands ;t in part they pass into the inner margin of 
the anterior grey liom, where the mingle with the circular or mar- 
ginal fibres which proceed from the numerous rays^^ and from the 
grey matter, as we have above seen, divide in the white meduUary 
strands, and take up the longitudinal fibres. It is certain that these 
fibres do not pass directly into the roots of the anterior nerves. The 
statement that they do so had already been denied by Schilling,§ and 
I, like him, have never been able to confirm it, although I have ex- 
amined very many beautiful preparations, where I could trace the 
radical fibres of the nerves to a great distance. These fibres must, in 
fact, be regarded as transverse commissures ; that is to say, their con- 
nexion with the fibres running from the rays along the maigin of tjifi 
horn, and the numerous rays spreading from the commissure along the 
anterior fissure directly into the white strands, || indicate that thej 
probably take up longitudinal fibres, the influence of which they oonvqr 
to the opposite site of the spinal cord. Here they pass into a group 
of ganglionic cells,! which is not recognized by Schilling, but which 
I have above described, which group of ganglionic cells again seems 
to be more or less connected with the other groups present in the 
anterior horn. Through this anterior commissure, therefore, is 
probably established the connexion between the motions of the right 
and left sides, which exercise so much influence on one another, for 
example in walking; as well as the greater or less difiierence or 
harmony between the movements of both arms or hands, in conse- 
quence of wliich it is so difficult for commencing pianoforte-players to 
move the fingers of the two hands dissimilarly, the fingers of the 
one hand tending to perform the same movements as the other. 
Hence, also, we can explain why Stilling, on dividing the spinal cord 
longitudinally in the line of the fissures into two parts, saw volun- 
tary movements take place in the frog, while the harmony between 
the motions of the extremities was interrupted.** 

Tlie difl'erence is greater, especially as to breadth, between the 
posterior commissures. In the inferior lumbar portion of the spine 
this commissure is very broad, and consequently contains many 



•Fig. IW. t Fig. 12, at/. 

: Fijr. 1 1 /, Fig. 12/ § /. c. p. oO. II Fig. 12/ 

H Fig. 11/ Fig. 12/. 

•• Unteriuchumjen iiber die Funclionen dct Riickenmarksy p. 82. 



^H CENTRAL CANAL OF THE SPINAL COLUMN. S9 

^BoTO; higfaer in the back it is mach slighter; in the auperioi 
cCTvical portion it again becomea broader.* 

The fibres of this posterior transverse comraissore run parallel 
without crossing ; those which are next to the central opening pasa 
into a gan^onic ^oup.t and T have in severaJ preparationa observed 
these fibres to be of a somewhat lighter colour, as is represented in 
Pigs. 1 1 and 1 2. Tlte others run partly across from the centre of tie 
oinc aide to tlutt of the opposite, where thej appear to terminate in the 
centtal group of ganglionic ccl!3.t Here, as iu a common central 
point, the reflex filaments, the marginal fibres of the posterior horn, 
•nd tlie posterior commissure unite, as we have above seen; the 
posterior fibres from this commissure pass directlj into the marginal 
fibres, arising from the inner ray8,§ so that something similar takea 
place here to wliat we have observed in the anterior commissure, 
without, however, the existence of any decussation. 

The fibres of the posterior commissure, appear here to run out into 
the different ganglionic cells, which in the spinal cord we may gener- 
ally regard as points of union of dissimilarly acting fibres ; as central 
pointa, where nervous action is escited, to radiate thence into con- 
necting filaments and nerve fibres. Indeed, we have seen in the centre 
of tile grey matter at the base of the posterior horn, a group of cells 
(Fig. 8 d, e), which appears to be a common point for reflex action ; 
ID this group of celb, that is to say, the reflex nerves radiate ; into 
it converge the circular m.irginal fibres which surround the posterior 
born (Fig. % k k h), and for the most part seem to spring from the 
es(«3iial Tvyi, I ; and finally the fibres of the posterior commissure 
also run into it, /, e, d. If we now consider that the posterior 
horn itself consists of minute longitudinal fibres, which probably 
serve to unite various groups of cells, with which minute fibres this 
middle ganglionic gcoup, d, e, is at the fiame time in contact, we can 
form an opiniou as to what un important point of union is established 
by thoe cells, which in their turn again seem to be connected with 
the group of cells in the anterior horn for motion (Fig. 12 k, I). 

Between these two commissures the central canal is situated. It 
is a prolongation of the fourth ventricle, lined internally with epi- 

• See my Figs. 1 1 and 12, from the loins ; also Clarke, Phil. Traiu., I e. 
T«h. XX., Pig. 1— .1, from ibe inferior portion of the loina and Tab. XXt. 
— XSV. Also Stilling, Mtd. Oblong., Tab. IL and lU. 

1 Fig. n g. X Fig. 8/, e, d, Fig. 12 i. 

IPig. I/*. 
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thdial cells.* Kolliker says that it does not occur in man as a 
bollow caual^ as in the fcetus^ bnt that its situation is occupied by a 
grey nucleus^ formed of a central cylindrical or flattened streak of 
light-yeQowish colour, constituted chiefly of nenre-cells.t Schilling 
states that he has sometimes distinctly seen a canal in man,} and I 
found it even in the spinal cord of a woman aged seventy. I suspect 
that Kdlliker has been deceived by hardening the spinal marrow in 
chromic add; thus I have sometimes in sheep, and even in cows, 
met with a coagulated substance, probably albumen, in the canal, and 
suspect, that in consequence of the strong action of chromic acid, 
the latter often either wholly contracts, or that its fluid contents (if it 
have such) become so firmly coagulated, that the canal is no longer 
recognizable. In thin laminae, after being somewhat hardened in 
spirit, and subsequently placed in chloride of calcium, I have always 
foxmd a canal here, which is, moreover, wider and much more distinct 
in cows. 

In now reflecting on what has been said, I think I may draw the 
following conclusions from my investigations :— 

1. The ganglionic cells, especially in the anterior horn, are con- 
nected with one another by more or less ramifled fibres of communi- 
cation, and thus form more or less distinct groups. 

2. From the ganglionic cells, especially in the middle and anterior 
parts of the anterior horn, arise the motor nerves, which unite at the 
margin of the grey matter into one, or commonly two or more nerve- 
roots close to one another, and now leave the spinal cord in a trans- 
verse direction, in order to compose the roots of the motor nerves. 

3. Along the outer edge of the anterior horn run marginal fibres 
or filaments, which take their origin from the rays dividing among 
the longitudinal columns, and are connected with the ganglionic cells, 
situated in great number along the outer edge of the anterior horn. 
These cells are again connected with others more deeply placed, and 
so eventually with the group of ganglionic cells, whence the motor 
nerve arises. 

4. The anterior longitudinal columns consist of white, mostly 
parallel, medullary fibres, which pass into the transverse rays just 
mentioned, and so convey the orders of the will to the ganglionic cells 

• Fig. 11 a, Fig. 12. f Mikrotk. Anat,, I c. p. 411. 

X I. c. p. 42. 
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■1 the grey matter; the loDgitudiiial fibres, which are situated next 
the grey horn, curve directly, in order to pass into b ganglionic 
cell. 

5. The posterior nerve-roots contain two sorta of filaments, those 
for proper sensatioti and those for reflex action. Hence the posterior 
net?e-roots nre also much thicker than the anterior. 

6. The nerve-roots for sensation pass, immediately after their en- 
trance into the spinal cord, upwards along the posterior columns, in 
order to repair the brain, or the seat of perception. They do not 
penetrate the grey matter.* 

7. The other filameuls for re6ex action, pass across towards the 
poalerior horn, and among the longitudinal fibres or columns form 
several plexuses; in part they press through the so-called gelatinous 
Bobatance of the jiostvrior horn, to the middle of the grey matter, 
where they appear to pass into ganglionic groups ; perhaps they also 
give some filaments to the marginal fibres, which everj'where aa a 
band surround the grey posterior hom.t 

8. These marginal fibres arise iu great part from the nerve rsys, 
which from the posterior horn spread in the medulla; they surround 
the horn, aud at its basis curve from either side towards the centre 
of ihe group of ganglionic cells, in which also the refiex nerves ter- 
minate. Among these marginal fibres, several, for the most part ob- 
long, ganglionic cells are scattered; some ganglionic cells are met with 
aUo ID the gelatinous substance, especially nearer to the centre. 

B. The posterior horns of the grey matter consist chiefly of very 
fine longitudinal fibres. Now, as the former in the cervical and 
lumbar bulbs are at least five or six times tliicker than in the dorsal 
portion of the spinal cord, it follows that the lait«r are in these parts 
present in much greater number ; whence it would appear that they 
do not run through the whole spinal cord, but for the most part ter- 
minate iu the cervical and lumbar expansions, where the majority of 
reflex actions and movements are excited and combined ; they appear. 



* It is, however, not improbable, that the aeneitive nerves are lost 
towBrcU llie pOBterior homs id the grey matter iu gnngUonic cells ; » Leoee 
fibre* arise, which erumi thrungh the posterior commiasures, and on the 
oppOBilc side as posterior rsya repair in the medulla upwards as stusitive 
fllamenta to the brain. 

t The refle\ filameulM are in this ease, at least in part, the ascending 
fibni which at different heights again repair through the posterior bora* 
to the (anglioaic cells of the anterior horns. 
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therefimy through their longiiadiiial diiectioii, move or leas to unite 
several groups of cella placed above one another, and thus to form 
longitudinal filaments of communication. 

10. The posterior commiasurey oonaiflting of white fibres, passes in 
part into adjoining ganglionic cdls, partly into the cells which are 
present in the centre of the grej matter, while again some fibres are 
connected with the marginal fifaret around the posterior horn. 

11. The anteriw commissure forms a decussatacm; its fibres push 
forward in order in part to terminate directly as rays among the 
inner and anterior longitudinal columns ; in part ^bsy proceed to- 
wards the iimer edge of the anterior hom, where they pass into the 
marginal fibres, which take, as we have above seen, their origin froii 
the rays. 

12. The fibres of both the anterior and posterior commissures are 
not directly connected with the nerve-roots, though they axe probaUy 
indirectly connected with the anterior ones by means of the uniting 
filaments between the several ganglionic groups, and both commis- 
sures consist of white fibres. 

IS. In the spinal cord a central canal may always be found, Hned 
intemaUy with epithelial cells, and sometimes iqppearing to contain 
an albuminous fiuid ; in man it seems to be narrower than in most 
animals. 



MODE OF MUSCULAR INNERVATION. 



PnvalOLOCICAL REaULTS. 



I Haviss endenvourcd to ei^pkiu, aa accurately as possible, and to 
reduce to a system, tho principal points relating to tlie Btmcture and 
niDtoal connexion of the parts of which the spinal cord is composed, 
I bdiCTe it will not be unprofitable to refer to certain physiological 
priuciples in confirmation of what haa been advaneedj and at the 
same time to deduce and explain the mode of action iu the medulla 
spinalis. 

1. I have, by the most satisfactory observations, fully proved that 
the motor nerves take their origin iu the spinal cord, and more 
particularly from the multi-polar ganghonic cells of the anterior grey 
horns. The establishment of this fact was the more important, as 
tho valuable investigations of Wagner, illustrated by Ecker, referred 
to the electrical ray, and it 1ms not yet been shown liow (ai they 
can be applied to the spinal cord itself. Schilling's description is 
equally unsatisfactory, although he, as well as Oratiolet, states that 
he has clearly seen the connexion witli the motor nerves. It is, 
howe\-er, not difficult to show that Kiilliker's idcji, referring the 
origin of the motor nerves to the brain, is liable to extraordinary 
difficulties, which make such an opinion in itself improbable. 

If we examine a muscle, the biceps for example, or any other 
muscle of some size, and trace the motor nerves distributed to 
it, the slightest microscopic examination will suffice to show that 
the branches of the so-called perforans Casseni, which pass into the 
biceps, contain several hundreds, nay, thousands of primitive fila- 
ments ; from the same nerve the bracliiolis anticus also receives its 
motor nerves, whereby this number is again considerably increased. 
The peculiarity, however, of these muscles is, that vre cannot move 
dtber separalely ; they form one of those systems, of which some still 
more extensive examples are to be found in Ihe body; it will suffice 

I (o uentioa tlie rectus, ciutkus and vasti. AVhen we bring the first- 
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mentioned muscles into action, all the fibres belonging to tbe system 
to which they belong become proportionally tense; we are not able 
to flex the biceps and to leave the brachialis anticus relaxed, or vice 
versa; but whether it be with slight force, or whether it be with a 
violent effort, the influence of our will is proportionately communi- 
cated to all the muscular fibres, — a cooperation absolutely necessary 
to enable the muscles to render us the service of which they are 
capable. The power of producing a partial contraction of some 
muscular bundles would have been perfectly useless; because, in 
these muscles a part could have no other action than the entire 
organ, namely, to fiex the forearm; the orders of our will must, 
therefore, be uniformly distributed over all the muscular nerves 
entering into the brachialis anticus and biceps* Now, if all these 
muscular nerves proceed along the spinal cord to the brain, and, in 
fact, to the point where our wiU acts, the latter must always imiformly 
infiuence these thousands of nerve-fibres ; but still it remains un- 
explained, why our will should not be able to act more strongly on 
some nerve-fibres than on others, as it can act on different muscolar 
nerves, and why we should not have the power, for example, of 
bringing into action the one half of the biceps, or the biceps alone;, 
leaving the brachialis anticus relaxed. 

Nature has, however, in my opinion, arranged this with mudi 
greater simplicity and certainty. All the muscular nerves, destined 
for the biceps and brachialis anticus, arise from a group of multi- 
polar ganglionic cells, which are mutually connected. If now this 
group receives an impression or stimulus from our will, by means of 
one or several conducting filaments derived from the brain, this 
impression appears to be distributed equally to, and to excite to the 
development of force, all the multi-polar cells of the group, by means 
of numerous filaments of communication ; the consequence of which 
is, that all the nerve fibres derived from the group are excited with 
an uniform force, which is transmitted to all muscular fibres receiving 
nerves from the same group, whence must result an uniform and 
simultaneous action and contraction of all muscular fibres of the 
biceps and brachialis anticus, so that we are imable during their con- 
traction to leave a portion of these muscles inactive. We may, 
therefore, regard such a group of ganglionic cells as a battery of 
Leyden jars connected with one another ; the electric force is divided 
uniformly over all the united jars, and aJl are at the same time uni- 
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nljr discharged, as a conductor alone is necessary to enable all to 
be charged alike* 

2. According to tliis Wew, not only ia the uniform and simultaneous 
action of all the fibres of a muscle explaiued, but the structure of the 
qiinal cord is rendered iilainc-r and more intelligible. Thus if a 
etimulua, communicated to auch a group of ganglionic cells, diffuses 
itself tuiiformly over the whole group, the number of medullary fila- 
ments, wliich convey the orders of our will to the group, may be 
retj small. Theoretically we might even imag^ie that there was 
hut one conducting filament ; I do not, however, believe that nature 
would ijitrnst such an important action, as that of a considerable 
muwle, or even of a system of muscles, to one single and delicate 
nerve filament ; but certainly we may suppose that the number of 
conducting tilamcnta wlucli arise from the brain and run down- 
wards along the anterior and lateral columns, to ujiite with a 
group of ganglionic cells, need not be great } this number may there- 
fore be extremely small in comparison with the number of nerve 
filaments, whicli arise from the group of cells and divide as a nerve 
ID the muscle; and hence is at once explained the disparity between 
the mass of the anterior and lateral columns and that of all tlie 
motor roots together, which disparily is not adequately accounted for 
by KoUiker's calculations. If we only consider, as Totld and Bowman 
have already observed.t that iu the fibres composing the anterior 
pyramids, and passing through the pons Varolii to the crura cerebri, 
all the ncrvc-filamenta must be comprised which bring into action the 
mnscular bundles and muscles of the entire body, a disparity presents 
itaelf which cannot be explaineil by the varying minuteness of nerve- 
fibres, since this difference is not nearly so great. 

Hence it follows, therefore, that the number of medullary longitu- 
dinal fibres, passing as conductors of the orders of our will &om the 

* Althongh it ciumot be anatomically demonstrated, na tve cannot trace 
aO the mnltittidinous decasssting filaments in the anterior homa of the 
gtty matter, it mu«t be inferred that such groups ore, to a certain extent, 
isolated from the ai^oining ones, as otherwise the separate movement of a 
mucle woiild be impossible. For this reason we caonot consider Che gan- 
^onic cells as conatituting connected columns, running along the whole 
length of the spinal cord ; but they must be divided into so many diiTcrenC 
ptnips, OS there are separate syatema of musclea or muaculnr movements 
in the body. 
,1 Phg4.Ayuit., Part II., p. 329. and Cgflop. of .inat. and Phg4., Vol. III., 
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brain to the several groups of ganglionic cdls^ may be relatively 
smalL They must, in &ct, be in proportion to the varying nnmber 
of ganglionic groups in the anterior horns, and this munber of diflkrent 
ganglionic groups must depei^ upon the several distinct movements 
which we can accomplish either with different musdes;, or even some- 
times with parts of a muscle, for example, the separate divisions of 
the pectoralis major. Consequently there will, according to my 
view, be one considerable group of ganglionic cells in the lumbar 
portion of the spinal cord for the rectus, the vasti^ and the cmrBsns; 
one group for the gastrocnemius and soleus, frc. ; and thus the 
number of ganglionic groups shall scarcdy amount to much more 
than the number of muscles existing in the body. If we now com* 
pare the thickness of the antero-lateral columns of the spinal cord in 
transverse sections at different heights, we shall find that the small 
number of conducting filaments ascending from each group, will but 
slightly increase the thickness of the antero-lateral columns upwards* 

Posteriorly we have, however, seen that. the proper sensitive fila- 
ments, after their entrance into the spinal cord, immediately curve 
upwards to constitute a part of the posterior columns ; the posteonor 
and postcro-latcral columns must consequently contain as many nerve 
filaments as there are nerves of sensation. In the ascending series 
of transverse sections, therefore, the posterior and postero-lateral 
columns must become much thicker as we proceed upwards, by the 
constant addition of sensitive nerves, than is the case with the an- 
terior. 

If we now compare from tliis point of view the plates of Arnold,* 
which arc very accurate, we shall see that in the superior divisions 
of the spinal cord the postero-lateral columns are very much in- 
creased in mass, while the sections of the antero-lateral columns are 
only very little thicker, so that the structure of the spinal cord quite 
corroborates my theory. 

3. I have considered it to be established that for every separate 

mcjvcment a special group of ganglionic cells must be present, whence 

all the ncrvc-filaments arise wliich go to a muscle, or to a system of 

• TuhuL Andt,t Tab. I. and II. If we compare, for example, from Fig:. 26 to 
23, which contains the lumbar bulb, with from Fig. 20 to 16, containing the 
cervical portion of the spinal cord, the difference at once strikes the eye. 
Lonj^et has also, tliough without mentioning Arnold, tolerably faithfully 
copied these figures, ^nat. et Physioi. du Syxieme ncrveuxy Tome I,, PL II. 
See also Stilling, Med. Oblongata, Tab. I., Fig. 1, compared with Tab. II., 
Fig. 3 and 4. 
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miucles alwajB actmg sunoltaneously. The greater^ therefore, the 
number of dhferently acting mnscles is, so mnch the more numerons 
mnst be the various ganglionic groups in the anterior boms of the 
spinal cord, in order to represent these mnscles and to produce their 
aereral actions. The conseq[uenoe of this will be that in sucb situa- 
tions the anterior horns of the grey matter must be broader and 
larger, and contain a greater number of multi-polar cells, than where 
only a small number of different muscular actions is goveniedby the 
spinal cord, or where the number of muscles is less. In the lumbar 
bulb, whence the nerves for the l^s, and in the cervical expanscm, 
whence the nerves for the arms arise, the anterior hotns must thoe- 
fore be broader and more massive than in the donal portkm, where 
the action of the intercostal and abdominal muscles do» not cunpnae 
by anymeans so many different muscles, and where so maoj difEmsH 
movements do not take place as in the eitr e miii ca, Aocordiztsdj, if 
we refer to Arnold's plates, we shall see that preciMrlj in the hzabbtf 
bulb* and in the cervical portionf the anterior horxtf are bmwj, 
while those in the dorsal portion,} on the c oiitwj y , ar*r renaHbt^^jj 
slender and 8malL§ On microaoopic eiaminadon, I hare aM 
found that in the dorsal portion the number of eans&au^ f^£j k 
much lesB, or as Clarke has correctly ohserred, thai tlM: trjsii^r 'A 
ganglionic ceDs is in a direct ratio to the size id ibe WfA0x vsn^:^ 
passing from the spuul cord.|| 

My suggestion as to the use and mode of uiii'^n of t};^ fpotZfMjf: 
cella in groups, therefore explains at the same time ihk dz&t»f^»; m 

• PL 11^ fkom Kg. 26 to 23. f iL e. froab 20 v> K. 

I 2. i;^ Fig 22 and 21. See also StiSmg. Mtd, OhU T4.V. 1^ fj^jt 1 ««rf 
Tab. II., fig. 3, contrasted witli Tab. IL, Fig. 2 and 4. 

f In accordance with diis die trangrcrK rajs fT*/m tiie •mussv^ Iw^t/t, 
in the white mednlla, are more mmertMU in the faobbar aa«d ««r«-^»; 4n^ 
pansioiis than in the donal portion of the tya^ : an a janrer » vauvtv '4 
groups of gM»giimiig oells win l e miiie more na»eryu» owJMrtMAA */^ ^■ik^ 
antero4ateral colnmns aa eondncton of dbe or4t:n 'A dt«(t v.*. . 

I Pm. Trmmt, iL c. p. 614. In like mtmmtr, n u eary t* wu4w«tt*d •X-r-. 
aa Grmtiolet alieadj obaerrcd ^lee above, p. 22... th* gaA^Mw^^ «;«;ia 
in large nrT»*^^« are larger and more noneirMM '» xk*^ asMWi^ l^^n^. if 
the special herre-OamcBts for the nraadea taJbt tUsr 'vntpa frjm ^Um 
ganglionic groiqia, the gangtionir ceUa, vheneit tiwry »«•*, «?.trtC »» -av*>t 
mnades receive more nnmeroas nerre-flaiftMrt*, |pt* 'M a r^-*«^ *v*u. 
her of filaments, and dieiefoi« form larger aiid jn^/re 6tmiL0X gr/v}« txa* m. 
— .«n mnanalsy where the nerrea are alifhter and th* fUig^MM; ««U« a#4 
eoaseqncntly smaller and give off fSnrcr fii ■aif'ata* 
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the thickness of the anterior horns ind of the spinal cord in several 
situations, and in connexion with the mnscnlar nenres which leafe 
the cord, 

4. If we compare the spinal cord in diffioent animalsy we shall 
find a oonfinnation of what has been advanced. Although I had 
neither time nor opportunily to ezunine the .pinal cord mioroeoo. 
pically in anj great number of animals^ — an undertaking which might, 
indeed, be productive of extremely important results,-— I have endea- 
voured to investigate this organ more closely in some animals, where 
it appeared to me a great difierence existed. The alightiiess of the 
spinal cord in certain fishes especially attracted my attention. Having 
had the opportunity of dissecting a sturgeon {Acipemer spuria) of 
about one hundred and twenty pounds' weight, I was extremely sur- 
prised to meet with a spinal cord, which was scarcely thicker than that 
of a frog, while the muscles of the animal constituted by far the 
greater bulk of the body, and the thickness of the muscular mass 
far exceeded that of the thickest muscle of a man.** The roots, too, 
of the nerves, which proceed from the spinal cord, are in this fish 
extraordinarily slight, being only about equal to a bristle in thickness. 
I was very much surprised to meet scarcely any grey matter in its 
spinal cord, nor was it until after a lengthened search that I dis- 
covered some ganglionic cells; the nerve-fibres in the cord were, 
however, not very minute, they were even much thicker than in 
man. 

The want of proportion between the thickness of the spinal cord, 
which was about equal to that of a frog, and the extraordinary size 
of the muscles, seems to show that no relation exists between the thick- 
ness of the cord and the muscular power of an animal, as I should have 
supposed. But the small number of ganglionic cells, and the small, 
scarcely distinguishable, quantity of grey matter present in the spinal 
cord of this fish, suprised me very much. If, however, we reflect 
on the mode of life and motions of the animal, this peculiarity is im- 

• The same tenuity is presented by the spinal cord in the shark, the 
plaice, the pike, and other fishes. On account of its softness and the 
great superabundance of fat it is very difficult to examine the minute 
structure of the spinal cord in fishes ; I found many thicker nerve-fibres 
with a distinct cylinder axis of 0*005 mm. and slighter ones of 0*0013 mm. 
in thickness. The ganglionic cells in the sturgeon were very transparent, 
connected by intermediate filaments ; in this fish they were 0.0204 and 
0.0255 mm. in breadth, by 0*0080 mm. in length. In the pike, too, I have 
met with those ganglionic cells in the spinal cord. 
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medHtd J ezplamed. Tliemofvemeiitsof the fltaigean, in &cty present 
but TCfT little varietv; it strikes to and fro vith its taQ as well 
as with its fins, it coires its bodj to one side or to the other, bm 
the numeroiis oombinations of the mnsdes of the extremities of the 
faigfaer airimalss and especiallT of man, where extensors and flexors 
are at the same time or altematdr in action, do not here occur. The 
animal does not therefore need many groups of ganglionic ceDs and 
their several oombinations for harmonized movements; while, moe- 
o?er, in ccmsegnence of the considerable length dt, the spinal cord in 
these fishes, the oeDs appear to be Terr mndi separated in the longi- 
tudinal axis of the oord, so that crften on a transFose section no 
ganglionic cells can be found. 

If we compare, in this respect, the spinal cord of a frog, we shall 
find that the latter scarcely difiers in thickness from the same organ 
in a stu^eon of one hundred and twenty pounds' weight. Hie grey 
matter with its four horns is here distinctly present, in which 
numerous, although small ganglionic cells^ are found; but in the 
spring of this animal we meet a much mcwe comj£cated pby of 
muscular action, as many different musdes contribute to accomplish 
the jump. 

Hence we see, that in animals likewise the statement is confirmed, 
tiiat the more complicated their movements^ the more nomerou 
will be the ganglionic cells with their several groups, and the thicker 
will be the anterior horns and the mass of grey substance in the 
spinal cord. 

5. I have above shown that the sensitive roots divide, after their 
entrance into the spinal cord, into ascending bundles, passing up- 
wards with the longitudinal columns ; and into transverse, which, 
dividing into different frsdcnli, proceed towards the posterior horn 
of the grey matter, and after having perforated the latter, appear to 
be in great pari gradually lost in the group of ganglionic cells, 
situated in the middle of the grey matter between the horns, and in 
these last I have in fact recognised reflex nerves. I cannot, how- 
ever, wholly agree with Marshall HaD, who assumes excito-motor 
nerves, that is special nerves, said also to accomplish the motions 
caused by reflexion. This i^ an hypothesis which is based on no 
certain foundation ; it is sufficient that the roots of the motor nerves 
receive the stimulus to action from the group of gan^onic cells, 
whether this be communicated through the wiU from befc^e, or 
through the reflex movements from behind. 
r 
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According to this idea we may therefore consider the gtoups o£ 
ganglionic ceUs as constituting a battery with two poles^ or rather 
o^ble of being charged from two sides ; the one pole is connected, 
by means of the lateral rays, with the filaments which conduct the 
orders of our will, the other pole, by means of different combinations 
of gan^onic cells, with the reflex nenres, so that a group is capable 
of receiving both psychical and physical stimuli As, howcFer, the 
posterior roots, in this case, contain two kinds of nerves, thoee for 
sensation and those for reflex action, it is not surprising that thqr 
should be thicker than the anterior roots, as is universally admitted* 
This thickness of the roots differs then by about the half; according 
to KoUiker the sum of the surfiEtces of transverse section of all the 
motor roots is to that of the sensitive roots in man as 6*9 to 15*6, 
in woman as 6*5 to 13*4,'* which must depend on the different size 
of the body and thus on the extent of the sensitive skin. 

Aocordmg to this view, therefore, reflexion takes place not by 
springing over, or transverse conduetion, but along fixed routes, 
whereby the reflex action is regulated. 

By comparing this with what we have already stated as to Wagner's 
views, it will be seen that the latter writer differs from the oinnion 
I have advanced only in assuming the existence of sensitive fibres, 
passing transversely in the posterior horns into ganglionic cells. It 
seems to me that there is little probability in this idea ; as I have 
been unable to discover any difference in these transverse posterior 
roots, and as they perfectly resemble one another, it would naturally 
follow that they must all be classed either among reflex or among 
sensitive nerves. We can hardly admit the existence among them of 
two so different kinds of nerve filaments as those for sensation and 
for reflex action. Moreover, I doubt this connexion of proper sensitive 
fibres with the posterior horns, because irritation of the grey matter 
in the spinal cord by strychnia, which gives rise to great congestion 
in the posterior horns, excites no pain. Lastly, I have shown that 
the ascending grey fibres in the posterior horns, at least for by far 
the greater part, do not run through to the brain, as the posterior 
horns become so slight in the middle of the back that most of the 
ascending fibres have in this situation disappeared. However, I 
freely admit that the question is still wholly undecided whether, 
when reflex sensation or sympathetic sensation takes place, the proper 
sensitive filaments first communicate their action to one another in 

* Mikrosk, AnaL, L c. p. 433. 
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die aeii of pere^tkm in the medidh oHongita by meuis of gmdi- 
onie eelk^ as appetn to me to be most probdUe, or whether they 
stand in more intiiiiite omnexiaii arith the posteiiQr pew horns and 
the spaul cord. I shooU be lather indined to aaanine, that the 
tiansrerae nija wfaidi sfiread fiom the posteikyr hosiB into the poelaw 
white oolnmns, are c^«ble of accomplishing some closer mnnmon 
between these parts^ althoagfa, on aocoont of the insensidTe nature 
of reflex aetion, this is not dear to me; perfa^s they gire ns the 
knowledge of reflex action. The yenr large number of slender 
ascending fibres in the posterior horns does not appear to me to 
render tins explanation of the phenomena of reflex action imjHobaUe* 
We most remember that in a somewhat initated oomlition of 
the spinal cord ererr sensitive point of the skin conveys its stimoloa 
to all parts of the cord, and for this an infinite number of fibres is 
required, adeqnatdy to produce a proportionate connexion with the 
aevoal gsn^onic cells. 

Finally, Wagner explains by the same reasoning the presence of 
reflex fibres in the posterior roots, whereby the thickness of the 
latter is increased, as I have above more fully considered. This 
point I have in my contributions published in 1848, on the structure 
of the spinal cord, endeavoured to confirm by the same and by addi- 
tional prooEs.* Wagner, therefore, also admits the reflex motor 
nerves of Marshall ELall. 

Of the anterior columns this writer, too, assumes that all fibres 
enter into the great masses of gan^onic ceUs in the anterior homa^ 
and are not in direct connexion with the brain. Thus also he lays 
down that the anterior columns arise from fibres of 'the anterior 
gangiia,t although he appears to me not to have recognised the 
exact connexion of the transverse rays. I cannot, however, wholly 

* Notes of the Sectional Meetings ofiheProvmeiaalUtnekttdkGemooitckap, 
1848, p. 13. See also above, p. 10. 

I have not the least doubt that these contribntions in the notes of tbe 
transactions of the section of the Provincial Society of Utrecbt for 1848, 
were unknown to R. Wagner, although most of his ideas occnr in them ; 
as these notes are ciicnlated only among the members, and their transla- 
tion into the Swedish Journal probably did not come under the notice of this 
distingaished writer, whom I esteem much too highly to entertain for a 
moment the least doubt upon tbe subject. However, this independent and 
dose agreement of ideas is a strong testimony in favour of their truth, and 
this is much more important than the questions of priority, to commonly 
agitated in our days. 

t iL tf. p. 38. 

f 2 
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ogree with Wagner's position that the reflex filaments pass from 
behind directly into the anterior mnlti-polar ganglionic celK whence 
the motor nerves arise. I think that they are first connected with 
smaller cells situated between both horns, and thus indirectly with 
the motor ganglionic cells, by which it is probable also that the too 
rapid development of reflex phenomena is restrained. 

Subsequently, Wagner adds the important proposition, that we 
never, or at least extremely rarely, can bring into action single 
primitive fibres ; but that we always act upon groups of primitive 
fibres ; several multi-polar ganglia being in the case of larger muscles 
connected with a group,** a statement which quite agrees with that 
I have above advanced ; yet even with respect to smaller muscles, I 
believe that a sin^e ganglionic cell does not give out sufficient fibres. 

Lastly, Wagner puts it forward as doubtful, whether the fibres 
conveying voluntary stimulation to the muscles, and arising from the 
brain, unite with a peculiar system of ganglionic cells in the spinal 
cord and medulla oblongata, or whether the ganglionic cells with 
reflex motor fibres serve this purpose, of which he holds the latter 
opinion to be the more probable, inasmuch as the will can suppress 
the reflex phenomena. I believe that, by the discovery of the con- 
nexion of the transverse fibres radiating from the anterior horns with 
the longitudinal anterior columns, I have anatomically decided this 
question. 

6. I have above remarked that most probably the longitudinal 
slender fibres of the posterior horns consist of filaments of communi- 
cation, connecting the several groups of ganglionic cells ^ith one 
another. In this manner, in my opinion, the difficult theory of 
reflex action is much simplified, as the reflex nerves pass between 
these longitudinal filaments, perhaps partly pass into them, and the 
latter are probably connected with the same ganglionic groups, in 
which the reflex nerves terminate ; for otherwise, as I have already 
observed, it is difficult to understand how the posterior horns should 
be so much sligliter and smaller in the dorsal than in the lumbar 
region,t and consequ(*ntly contain fewer longitudinal fibres, which 
applies also to the enlarged cervical tract and the higher part of 
tlie neck. J By reflex action the muscles are now first brought 

• /. c. p. 39, note X. 

t Sec Stilling, Med, Oblong., PL I., Fig. 1, compared with PL II., Figs. 1 
and 2. 

X Stilling, /. c, PL II., Fig. 3, compared with Fig. 4. 
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into motioik, the nerves of which arise neaiesi to the reflex nerves, 
vhere^ therefim, the excitation of the reflex nerve or of some of its 
filaments^ has the shortest way to nin from the posterior horn and 
the oentre of the grej matter to the motw odls c^ the anterior root, 
both the anterior and posterior root uniting to f<Hm a mixed nerve.* 
Thus, in a veiy yonng child, not only does tickling the inside of 
die hand prodnoe bending of the fingers, on aoooont ci the median 
nerv^ which giv» mnscnlar branches to the flexors of the fingers 
and sensation to the inside of the hand, but in like manner ticklins 
the back of the hand jttoduces extension of the fingers, by reflex 
action on the musculo-s[Hral nerve, as I have dsewhere diown.t 
But if the irritation be more severe, or if the spinal cord be in a 
mare irritable state, remote groups of musdes are also brought into 
action. 

This last phenomenon appeared in bet to involve the exidanatiim 
in almost insiqierable difficulty, on which account Yolkmann fek 
himself inclined to assume a transverse conduction or overleaping,:^ 
in the main points of which EoDiker coincides.^ It seems to m^ 
that in the view I have j^oposed, these difficulties are for the most 
part removed, and that the explanation is rendered more easv. Let 
us suppose a simjde case; for example, that a person unexpectedly 
bums his finger; so soon as he perceives it he will draw his hand 
quickly back; this is not alt^^ther voluntary; he would do the 
same if in an unconscious state, for example, when under the in- 
fluence of chloroform, ot even in sleep. Now what takes place in this 
caseP The forearm is flexed, and at the same time the humems 
is drawn back, that is, the biceps and brachialis anticus enter 

* See also VoDniuuiD, Kertem-pk^ft^ Lcp, 532. Thus reflex phenomena 
may take place, when the sensitiTe and motor nenres are connected with 
only a segment of the spinal cord. See Volkmann, /• c. p. 543. This 
proves very deariy the dose connexion between the anterior and posterior 
nerve-roots on the same lereL 

t On the connexion between the sensitive and motor nerves: TijdMchrift 
der WU-en Naimurk, Weiensck, van de Eerste Klasse van het Kon^Ned. loiiu 
1847. In thismanner, the close connexion between the course of the sensitive 
and motor nerves which are united in the same truuk« is easily explained ; 
so that according to the above-described law of distribution, an irritation 
of the skin causes reflex action first in the muscles, with whose motor 
nerve that of the sensation unites into a trunk. See above, p. 7. 

X Nervaihfhfnol.t L c. pp. 528 et §eq^ and 5^17. 

f 3iikroMk. Anai.^ L c. pp. 442 et uq. 
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into action for the firsts the latissimaB dorsi and teres major for the 
second movement. Bnt there is now no difficolty in snpposing that 
the reflex nerves, which are given off with the sensitive nerves of the 
finger, through their combination in the spinal cord, irritate the group 
of ganglionic cells whence the nerves are derived which excite the 
biceps and brachialis anticus, and at the same time the group of 
cells, from which the nerves for the ktissimus dorsi and teres major 
arise. Thus through a combination of connecting filaments by means 
of ganglionic cells, wherein the reflex nerves tenninate, both groups 
are simultaneouslj stimulated, and so both movements are combined. 
If the irritation is severe, or if the spinal cord be more than ordi- 
narily sensitive, the stimulus may bring several muscles into action ; 
for example, when a decapitated frc^ takes a jump on the ap- 
plication of a stimulus to . the hind-foot or toe, several groups of 
ganglionic cells are brought into action through the reflex nerves, 
which groups are more or less connected with one another, and the 
movement becomes a combined or harmonized one, a jump. Here 
we must bear in mind, that a certain amount of irritation is necessary 
before reflex motion takes place; that is, the cells, wherein the re- 
flex nerves appear to terminate, must be excited to a certain extent 
before they communicate the action which has been developed to the 
neighbouring group of cells, whence the muscular movement is im- 
mediately accomplished ; they are like Leyden jars which must be 
charged before the spark passes. Bemote or higher situated reflex 
cells, which probably are connected by means of longitudinal fila- 
ments of communication in the posterior horns with those which are 
directly stimulated, shall, therefore, not be so rapidly excited to 
action, or, to keep to the simile, become charged, as those which 
receive the stimulus directly from the reflex nerves ; and hence it is 
that almost always, as Yolkmann remarks, the next adjoining muscles 
are the first to be moved.*^ But if the whole spinal cord be in a more 
highly irritated condition, and if the reflex cells be, as it were, more 
highly charged, only a sUght stimulus is necessary to produce a uni- 
versal discharge, and more general reflex movements take place, as 
in convulsions, epilepsy, or after the administration of strychnia. 
This excitation occurs almost always in consequence of a greater de- 
termination of blood (congestion), or as a restdt of the blood being 
poisoned, for example, by strychnia. Now, if we give a dog strychnia^ 
this drug, as is well known, and as I found in experiments made for 

• Nerven'phyt., I, e. p. 644, No. 10. 




PHENOMENA OF INTERMISSION. 71 

poiposej is taken up into the bloody and the blood so 
is in constant contact with the grey matter of the spinal 
idnch is so rich in vessels^'* and still the convulsions which 
jiboB are intermittent. 

ly, without any previous symptoms, the dog &lls^ becomes 
or makes involuntary movements ; but these cease after 
and now the animal appears to be again perfectly well. In 
I have seen intervals of even more than an hour, in which I 
toodi and stroke the dog, while he ran round without any 
of injury, until the sensibility had again become so great, 
the simple blowing of air upon him excited convulsions, 
notwithstanding that the grey matter was incessantly in a state 
interdiaiige with tiie poisoned blood, the convulsions were not 
and it was not until after a tolerably long interval that the 
tibility was sufficiently restored to reproduce them. 
We see the same in epilepsy : if a severe attack has taken place, 
patient is usually free for a long time, if a slight attack ensues, 
[^.# ■ e con d often occurs after a short interval ; in the latter case only 
■^ partial discharge had, as it were, occurred, so that it was not 
^^■ftil a second rapidly followed that the equilibrium could be re- 
flhned.t If the excitability is exalted, as in children,^ only a slight 
atifnohiB is often required to produce general reflex phenomena, that 
js^ convulsions ; if a more remote group of ganglionic cells is excited 
to a higher degree, a remote stimulus through a reflex nerve, dis- 
tantly connected with this group by means of filaments of conmiuni- 
cation, will be able to produce reflex movements in it, as is sometimes 
the case in hysterical affections. 

7. We have, however, above seen, that the groups of motor cells 
^-as I will designate them for distinction's sake — whence the motor 
nerves arise, possess as it were two poles, that is they are connected 
on the one side with the conducting filaments of our will (anterior 
odhimns), posteriorly with the reflex nerves by means of other 
ganglicmic cells. Now if these reflex nerves are connected through 
eommumcating filaments with several groups of motor cells, so that 
fay reflex action a harmonized movement, for example, a jump, takes 

^ See Ecker, de Cerebri et Med. Spin. Syttem. Fas. CapUL Trqf. ad Eheit, 
1853, pp. 60 ei uq. Fig. IX. 

t It iSy perhaps, to this cause that we should attribute the periodicity of 
so many phenomena which appear to stand in dose connexion with the 
spinal eofd, as agues, fehris larvata, &c. 
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place, we may assume that by means of the anterior oondocting fila- 
ments of ToUtion, the groups are most easily brought harmoniouslj 
into action, whereby a combined or coordinated movement is pro- 
duced. Now we have indeed the power of volontarily moving a 
separate muscle, for wliich separate conducting filaments may exist, 
but we can with equally little exertion or consideration bring into 
action several groups of muscles, of which a step, a coordinated move- 
ment is the result, and this is probably produced by a prearranged 
connexion, by means of the communicating filaments of several 
groups, which are affected as by reflex action.* The cause of the co- 
ordination of muscular movement is therefore situated, aa Yolkmaun 
correctly supposed, in the spinal cord, and it has always been in* 
comprehensible to me how any one could ever have referred it to the 
cerebellum. If the cause of the coordination lay in the cerebelluni, 
no harmonized reflex movements could take place in a decapitated 
frog. 

The exix?riments of Flourens, Hcrtwich and others are, in my 
opinion, easily explained ; the motor fibres pass from the corpora 
pyraiuidalia tlirough the pons Varolii to the crura cerebri ; they here 
decussate with tlie transverse fibres of the pons, and between both 
lies, as I Iiavc satisfied myself by microscopic investigations, a thin 
layer of grey matter,t containing smidl multi-polar cells. If a part of 

* That the production of harmonized movements, for example, taking: a 
step, is referrible to the organiiatiou and action of the spinal cord, that is 
to diflerent intimate connexions of certain {^oiips of ganglionic cells, and 
therefore may be said to be prcarranpod in the structure of the cord, will 
appear extremely probable, if we watch a very young, child, which when the 
mother takes it up in her laj), very early begins to make the regular move- 
ment of a step, alternately with the right and the left foot ; and we see this 
still more clearly in a young chicken, which runs off immediately after 
leaving the shell. Different combinations of muscular action are necessary' 
for the taking a stop, which are not learned by study and practice, ending 
after many failures in a successful election ; but the combination which is 
required for the purpose must already exist, organized, and, as it were, 
prearranged in the spinal cord, so that a single impress is sufficient to 
bruig this combination into acti(m. Our mind knows neither the muscles or 
instruments, nor their number or sitiiation, through Mhose combined 
action it produces a step. What study it would require, if out of all the 
possible irregular muscular movements of which the leg is capable, we 
were obliged, by practice, to learn to combine those which produce a 

Ecker, Dist. de Cerebri et Med, Spin, Sjftt, Fat,, 1. p. 58, Fig. VII. 
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the cerdbellum be now taken away^ the violent irritation so produced is 
reflected by means of the transverse fibres on the corpora pyramidalia, 
andirr^xdar movements are the result. If the cerebellum were the 
seat of coordination, regular movements would of necessity ensue on 
irritation of that organ. But in ulceration of the cerebellum, when 
the irritation is more chronic and not so violent, I have never seen 
irr^nlar movements arise. 

I think, therefore, that the difficult phenomena of reflex action 
may be satisfactorily explained by the theory of special groups of 
motor cells and of reflex cells, and the varying degrees of connexion in 
which these are placed with one another by means of their communi- 
cating filaments. 

This view also supplies an explanation of Schilling's singular 
observation, that of the transverse roots of the posterior nerves in 
the grey matter, some bundles curve upwards but others downwards."^ 
Were these sensitive nerves, there could be no possible reason for their 
curving downwards ; whereas if they are reflex nerves, it follows from 
the nature of the case that some bundles may and even must be in 
connexion with cell groups situated above, and others with cell 
groups placed beneath them, and consequently they must curve 
towards the latter.t 

8. Lastly, we have seen that the commissures, connecting the right 
and left sides of the spinal cord,' appear to participate more or less 
in the production of the reflex phenomena. It has, in fact, been 
shown, that the fibres from the posterior commissures run for by far 
the greatest part transversely, and in the middle between the two 
grey horns are lost partly in the same ganglionic groups, in which the 
refliex filaments also disappear, and seem partly to terminate in the 
' small groups of ganglionic cells situated at the side of the central 
canal.^ Miere is, therefore, every probability that the fibres of the 
posterior commissures serve for lateral reflex action, and are conse- 
quently capable of transferring to the opposite side the impression 
received in the groups of reflex cells, while those of the anterior 

• Schilling, I c. p. 31, Tab. lU Fig. 1 e. 

t On this subject I would further remark, that the very division of the 
reflex nerves into slender fasciculi in the posterior horns, such as I have 
shown both in transverse sections, Fig. 8 ^ ^, and in longitudinal, Fig. 
9 a a a, appears to indicate their passage into different ganglionic groups, 
whereby the diversity and multiplicity of reflex phenomena is more fully 
explained. X Fig. 11,^^, Fig. 8 /, e, d. 
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serve to produce in our volontaiy movements luurmony md agzeement 
between the two sides, and so to preserve eqoifibiiam. Hence we 
can, in a very simple mode account for many phenomena which are 
otherwise difficult of explanation. 

From the experiments of van Deen* and Stilling, it appears that 
all motion is not lost after one half of the spinal cord of a frogiscnt 
through ; indeed Stilling states explicitly, that if the spinal cord be 
cut across on both sides to the middle line, the indsiona being at 
some distance from each otiier, the animal will still be in a state to 
produce voluntary motions and to jump.t 

That reflex movements still take place in such frogai, was fionneriy 
demonstrated by van Deen to myself ; the voluntary moTements wer^ 
however, not very satisfactory, although a jump was certainly accom- 
plished.} 

These experiments are indeed very strange, and are not explicaUe 
on the supposition of the rectilineal conduction of the impression of 
the will. But it may be imagined that if a group of ganj^onic ceUs 
on the one side is stimulated by the will, in such an irritated spinal 
cord, the opposite side, cut through at a greater height, may be stimu- 
lated and set in motion through the medium of the commissures; 
the action is then a reflex one from above in consequence of the 
impression of the will, of which examples enough occur in the 
experiments of van Deen and Stilling. But it is in this case always 
difficult to distinguish properly and with certainty between voluntary 
and reflex movements. I have, however, myself observed, that reflex 
movements may take place in the fore-feet, when the hind-feet are irri- 
tated where the spinal cord is in this manner half cut through at some 
distance on both sides. Now since, as we have seen, the posterior 
commissures pass into the same group of cells, in which the reflex 
nerves appear to terminate, the explanation is very simple, that the 
reflex movement is communicated to the other side. 

But this is not possible, if we adopt the view of the course of the 
fibres in the spinal cord which Kolliker puts forward.§ This writer 
gets over the difficulty by simply sapng, that if the section takes 
place at some distance on cither side, all the filaments conducting the 

• Nadere onidekkingen over de eigentchappen van het Ruggemergf 1839, p. 
27, cxpt. 27, pp. 61 f/ seq., expt. 47. 

t Stilling:, Die Functionen des Riickenmarkty L c. pp. 153 et seq., pp. 247 
et teq. Fig. 19, 20. % Van Deen, /. c. p. 62. 

§ MUcrotk, Anat.f I, c, p. 410. See also aboTC, pp. 13, et seq. 
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iMtor influence of the brain are cut through and the extremities will 
be paraiyKed. So far at least as relales to the reflex movements, 
Iheae caanot, according to Kiilliker's theorj, take place ; for the fibrea 
which are said to be situated next one another, and by tmnsverBe con- 
duction to render reflex action possible, are likewise cut through ; 
and tbtts the phenomena of reflex action should be even less possible 
than those of direct motion, which certainly ia not the case, eleojly 
proving the incorrectness of Kolliker's view of the course of the nerve 
&bre3 in the spinal cord. It is easily seen that the occurrence of 
convulsive movement on both sides of ihe body, — in cases where the 
remote cause, for example, hardening or tubercles in the brain, was 
conSned to one side, — must be exphiined by reference to these com- 
missures. 

But, as the decussated fibres of the anterior commissures pass either 
directly as transverse rays into the anterior medullary columns. (Fig. 
11 rf, Pig. a/), or by means of the marginal tibres and cells are 
more directly connected on the inside of the anterior horn and the 
r»ya proceeding thence {V\g. 12 c, Pig. 5/^') with tliese longitudinal 
coioinns, wliich we have recognised as conductors of the orders 
of 001 will, — the will miiat exercise more influence on the anterior 
commissure, and by this rout« must the given impression be conveyed 
to the other side. Wc can thus see, not oulv how the harmony of the 
movemeirts on both sides is maintained, as we have already observed, 
but that this arrangement may also iiiiluence the muscles, which 
either always, or almost always, are in the healthy state moved simi- 
larly on both sides ; for example, the muscles situated in the middle, 
the sphincters and levatores ani, the iachiocavemosi,aswell as the abdo- 
miual and intercostal, aud in great part the dorsal nmscles, which hold 
the body in the erect or straight position ; also the muscles for deglu- 
tition, those for the development of the voice, and others wliich always 
act symmetrically. Perhaps we may further refer to the same catt^ory 
tbe muscles engaged in the simultaneous movements of both wings in 
birds when llyiug. The posterior commissure seems to me to serve for 
the more involuntary lateral reflex actions; because as we have seen, 
its fibres appear to end in the middle of the grey matter, where I 
think I have also found the termination of the reflex nenes. How- 
ever, the connexion of the reflex nerves with the next anterior mo- 
tor root* is much closer, tliau with the fibres of these transverse 
comoissurefl, since, as Pfliiger has shown, in extensiou of reflex 
^mrements the latter asceud exclusively on the one side, until the 
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irritution, having reached the medulla obkmgata, paaaea over and 
lirodiices funeral com-ulsions.* The posterior oommissore may also 
i»i*rvc for involuntarily preserving the eqnilibriiini between the two 
lateral portions of the body. These reflex movements bear ao voy 
much the character of coordinate^ or, if we will, of voluntary move- 
mrnts, that they often cannot be entirely diatingniahed from thnn ; 
for example, rubbing or scratching where itching is felt, which takes 
])Iace likewise in sleep, and to avoid which in case of violent itching, 
even a powerful exertion of the will is necessary, just as a decapitated 
frog endeavours to remove with ita foot the irritation of acetic acid 
applied to the side of its body, or, if this is prevented, sometimes with 
the foot of tlu^ other side. Some, as E. Pfluger, observing such 
phenomcna,t liave been misled into assuming a sort of voluntary 
l>owcr or mind in the spiiuil cord, an error attributable solely to want of 
examination of the ingenious arrangement of the tissue and of the 
structure of the cord, in which all these harmonized movements appesr 
to lie hidden, prearranged in the several combinations of the groiqps 
of ganglionic cell^«, and ready to be excited by any stimulus, whether 
voluntary or reflex, so that they are produced just as the harmonic 
tones of a piano under the fingers of the player. Such a view is 
sufficient to excite amaz(*nient at the ingenious nature of all these 
arrangements and wonderful combinations, but it is conceivable, and 
in my opinion not so diflicult to imagine ; while the idea of volition 
in the 8i)inal cord, ^nthout consciousness, with the entire rejection of 
the existence of a soul, ns Piiiiger suggests, is an absurdity not to be 
thought of. On the contrary, the deeper we penetrate into the know- 
ledge? of the mechanism of our body, the more we shall be convinced 
that the whole is arranged as a perfect minister of our spirit and of 
our will, in which both the amazingly correct insertion, size and 
combination of the muscles, and certainly not less the combination 
of the ganglionic groups, whereby tliese muscles are harmoniously and 
suitably moved, are calculated with incomprehensible wisdom and 
fulness of i)urpose. 

So tlicre are, in fact, many involuntary actions, which we ordinarily 
reprardas voluntarj'; for exjnn])le, shrieking with pain. This shrieking 
a])pcars to be merely the ellect of a reflex action on the upper part of 

♦ Plliij^or, Die Scnsorischeti Fuuct'wnen des Riickcnmark», Berlin, 1853. 
p. 7G. 

+ Die St:nsori9eheti Functionen det Biickentnarh. lk;rlin» 1853. Chapters 
II., III. 
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the spinal cord or medulla oblongata^ where so many combinations 
lie concealed^ and where such multitudinous reflex movements are 
developed; in violent pain it requires the greatest exertion to forbear 
scroeching, or moaning : we are, as it were, constrained to it. This 
was strikingly illustrated in the remarkable case of a very intelligent 
lady, who came to ask me for an explanation of a phenomenon which 
had very much surprised her : her breast had been amputated under 
the influence of chloroform, so successfully applied, that she had felt 
nothing whatever of the operation, but on awaking she was perfectly 
conscious that she had heard herself screech, while the fact of her 
having shrieked was confirmed by the bystanders, and such shrieking 
indeed usually occurs in these cases; a proof of its involuntary 
nature, and that it is nothing but a reflex action. Hence it follows, 
that in vivisections so many incorrect inferences are drawn as to 
feeling and perception in animals. If the brain is cut off above the 
pons Varolii, and the fifth pair of nerves be strongly stimulated, the 
animal will cry out, although without consciousness, without percep- 
tion, and without the feeling of pain. 

Thus we often see such shrieking in convulsions ; I have observed 
it in the most violent degree even in apoplexy, where there was no 
trace of consciousness. 

9. There has been a great deal of controversy as to whether the 
grey matter, the antero-lateral or posterior columns are at all sensitive 
or not, and on this subject the most conflicting opinions have been 
broached, which are stated by Yolkmann in a short review.^ In my 
opinion the grey matter in the spinal cord serves solely for motion, 
the posterior rather for reflex action and the coordination of move- 
ment, while sensation is transmitted upwards exclusively through the 
posterior and lateral medullary columns. That such is the case, I 
inferred especially from the phenomena produced by strychnia in a 
dog : in slighter attacks the hind-feet acted first, and subsequently 
continued more rigid, the animal standing upon them, with the body 
inclined obliquely forward. Not only during these convulsions, but 
even when the animal lay more than once upon the ground, with its 
feet stretched out in tetanic rigidity, it had not lost consciousness, of 
which my audience were witnesses with me ; thus, when a white cloth 
was accidentally drawn from one side of the apartment to the other, the 
dog followed it with his eyes and head, while it appeared from all 
that occurred, that he did not experience the least pain. We also 

* Nerven^hyM.f L c, p. 548. 



78 PHYSIOLOGICAL RESULTS. 

know^ that after excessive doses of strychnia^ the patients, without 
feeling anything, are suddenly seized with abnormal movements and 
convulsions. After the death of the dog, I examined the spinal cord 
and braiuj chiefly with a view to discover any congestion which might 
have existed in the several parts; in the brain I met no unusual 
d^ree of congestion^ but I was particularly struck with a remarkable 
condition of the grey matter of the lumbar bulb ; it presented in hct, 
numerous small eflPusions of blood^"^ while in the medullary portion 
no abnormity was found. In another dog, killed under the influence 
of strychnia, I found in the grey matter of the lumbar portion^ aneu- 
rismal dilatation of the capillary vessels, which were in consequence 
on the verge of bursting. Perhaps similar effusions had taken place 
in this instance, but that in the sections I prepared I had not met with 
them. In both cases, however, the two horns of grey matter were 
most beautifully injected witli blood, as was evident after the sections 
were dried and placed under Canada balsam. I think this observation 
sufficiently important to give a drawing of it (see Eig. IS). We here 
see magnified one hundred times the capillaries in the anterior horn 
of the grey matter, in which, at a, b and c, effusions of blood occur, 
presenting a speckled appearance; it is, however, remai*kable, that 
in all these effusions there is a lighterH^oloured central point, pro- 
bably the point of efPusion, where perhaps the blood is diluted by the 
subsequent issue of serum. Here, as well as at d, e,/, we see some 
dilated and anenrismal capillaries ; in the more highly situated parts 
of the spinal cord these effusions did not occur, although the 
capillaries were also much congested, both in the anterior and pos- 
terior horns. 

Hence it would appear, that after the administration of strychnia 
great congestion and irritation take place in the grey matter, which 
in the situations where they are most fully developed, as in the loins, 
may pass into effusion or dilatation of the blood-vessels, and still all 
this occurs without any sensation, without any pain. Were the grey 
matter in the spinal cord sensitive, or did the sensitive nerves pene- 
trate into the grey matter, such congestion and irritation as excites 
in a sensitive nerve itself the most intense pain, could not be con- 
ceived to exist without occasioning some sensation. Hence it follows 
also, that reflex movements cause no pain nor sensation in the spinal 
cord, so that by tliis observation the direct ascent of the sensitive 
nerves in the spinal cord,— of which I possess the most satisfactory 

• See also Ecker, Diss. laucL, pp. 119 et seq. 



EXPLANATION OF PLATE V. 
Fig. 11. Transverse Section of the CommiBSores, p. 55. 

a. Central opening or canal, extending fhroilgli ihd entire spinal oord ; internally 

covered with conical epithelial cells. 

b. Anterior flsstire, m, posterior fissure, 

c. d» Fibres of the anterior commissure, which divide in pleznses after the decima- 

tion, and separate as rays in the white mednUary matter, or innermoet taracta, 
between the flssnre and the anterior horn. At the side of the decussation 
longitudinal columns «, which are cut across, constantly occur ; there are also 
tolerably large blood-yesseb cut through, both in these columns and dose to the 
central opening. 
/. Ghx)up of small multi«polar cells, into which a portion of the fibres of the anterior 
commissure passes. 

ff g. Other groups of colls, into which the anterior (usually lighter coloured) portion 
of the posterior commissure passes, 

h. Back part of the posterior commissure, whence the rays run out into the basis of 
the posterior horn. 

I. Marginal fibres around the grey matter, into and through which a portion of the 
posterior rays run, whence some fibres are seen spreading outwards towards 
the central point of the horn in the direction of k, 

m. Posterior fissure. 

Fig. 13. Transverse Section of a part of the Anterior Horn, from the 

Lumbar Bulb of a Dog killed with Strychnia, dried under Canadian 

Balsam to show the distribution of the blood-vessels; magnified 100 
times, page 78. 

a, 6, c. Three places where blood is effused fhmi capillary vessels, and is seen in a 
speckled form. In all a brighter central part appears ; the specks of blood 
exhibit themselves here and there in a longer and more filamentous form. 

0, dff. Dilated capillary vessels, aneurismatically distended. 
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fKptmtionB, — 18, physiologically or pathologically, if we will, con- 
firmed. 

A difficulty, however, still remains, namely, that if the sensitive 
wanes proceed directly upwards, along the posterior columns, into 
the medulla oblongata, the nerves of sensation of the right side 
ihoold be situated, above the decussation, next the motor filaments 
of the lefty which, as is well known, decussate beneath the corpora 
PTTunidalia, and thus the perceptions of the right arm should fall 
at the side of the incitement to motion of the left, which muilt cause 
eonfusion. But we know from Foville's observations,'^ that on the 
posterior surface of the medulla oblongata behind and above the an- 
terior decussation for motion, a decussation of fibres also takes place, 
thnnigh which probably the nerves of sensation are likewise conveyed 
lo the opposite side. But as to the use of these decussations, and 
why the motor and sensitive filaments do not remain on the same 
side, we are not yet in a position even to form a probable con- 
jecture. 

The situation, too, where the impression of the sensation is ob- 
lenred, can scarcely be determined with any certainty; probably, 
however, it is in the medulla oblongata, whither the fifth pair runs, 
while in fishes, where the proper hemispheres of the brain are wanting, 
there is no higher situation to which the seat of sensation can with 
any reason be referred. Moreover, it is well known, that injury of 
the more highly situated parts, especially of the cerebrum, occasions 
no pain, and that the cerebrum is insensible to pain. 

If we may now, from what has been brought forward, lay it down, 
that both horns of grey matter in the spinal cord serve for motion, 
the anterior for more direct motion, the posterior for reflex action 
and' coordination, it becomes intelligible why vivisections performed 
on animals, in which it has been attempted to cut through only the 
poalerior or the anterior columns, have led to such discordant results. 
It is, indeed, evident that it is absolutely impossible to cut through 
tiiese columns, without wounding the grey horns, which project 
across them, the necessary result whereof will be that different move- 
ments must be produced by this injury, whether of the anterior or 
of the posterior horns, according to the different groups of ganglionic 
cells, reflex nerves, or filaments of communication which are wounded; 
so that this question can never be solved in this way, and confusion, 

* Foville, Traits compl, de PAntUomie et de la PhynoL da Sytt. nerv, eer. 
Puis, 1844. PL II., Fig. 4. 
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rather than light and knowledge, will have resulted to physiology 
from such experiments. 

10. The laws of reflex action, which have been deduced as general 
results from a great number of observations by E. Pfluger,* are very 
important. In them this author shows that reflex action is at first 
strictly unilateral ;t furthermore that, if reflex action arises from a 
stimulus in the brain or cerebral nerves, the reflex movements in 
their further progress extend to the nerves situated inferiorly, and 
thus tt> the medulla oblongata ;{ that, on the contrary, if reflex 
action arises from a spinal nerve, it extends in its further progress 
from below upwards towards the medulla oblongata, and not vice 
versa; but that if the afiection has reached the medulla oblongata 
the reflex movements may again extend in an inverse order to the 
lower parts, or pass into general convulsions ; § that lastly, if a reflex 
movement arises in motor nen^es which are very remote firom the 
insertion of the sensitive nerve primarily affected, these remote motor 
nerves are always such as arise from the medulla oblongata. || 

Hence it ap[)ears, that the medulla oblongata is the principal 
centre, whence the more general reflex movements and convulsions 
take their origin. Even some years ago I was in the habit of seeking 
in it the starting point from which epileptic fits arise, and to which 
the attention of the physician should principally be directed. And 
though the primar)* irritation may be remote, for example, in the 
bowels, a morbidly exalted sensibiUty and irritation in the medulla 
oblong;ita will always exist, rendering it more capable of discharg- 
ing itst'lf, as it were, in involuntary reflex movements.1[ 

Experience has taught me, that it is of the grciitest importance for 
the physician to direct his attention in such diseases to the medulla 
oblongata. By foUomug such a course I have often succeeded, in 

• E. Plliiger, Die SensorUchen Funetionen des Riickenmarkt u, s. w, Berlin, 
1853, pp. 02 et teq, f /. c. p. 68. 

t /. c. p. 79. § /. c. p. 77. 

II /. c. p. 78. 

K In accordance with this we find, that the means, which render the 
spinal cord more capahle of reflex movements, have also the power of 
excitinp: epileptic attacks ; thus, for example, etherization is even recom- 
mended as a diag:nostic, because in true epilepsy a fit almost always 
follows it, — an clTect I have also observed produced by smelling chloroform; 
the brain is stupified by it ; loss of consciousness ensues, and thus the 
patient's condition approaches in this respect to that of a decapitated frog, 
the r^ex phenomena being likewise so much stronger. 
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cast* which were not of too long-standing, in overcoming the intract- 
able disease 6rst mentioned, hj derivative applications to the neck. 

A more accurals examination of the minut* stmctnre of the me- 
dulla oblongata, and especially of the pathological changes produced 
in it by long-continued epilepsy, wliich I have often observed in the 
form of hardening of the medulla oblongata, bat in reference to 
which no microscopic investigations have as yet been made, raay throw 
much light upon the subject. I have hitherto not had the oppor- 
tunity of instituting theae investigations, on which I had wished 
to fix the attention of physicians. It is only in this way it will ever 
be possible to escape from the unsnccesiiful, rude, empirical treat- 
ment which is still too generally in vogue in reference to epilepsy, 
and of which I have observed so many sad examples, A rational 
mode of treatment of this obstinate disease can be based only on a 
better ncquaintancc with the functions of the medulla spinalis, and 
especially of the medulla oblongata, whence we must endeavour to 
tnee more fidly the nature and essence of the disease. Perhaps I 
shall hereafter find opportunity to communicate the observations I 
have already made on the subject.* 

If we now glance liack on these physiologital inferences, we may 
collate the principal points in the following propositiotLi, 

1. The several primitive fibres, which are lost as a motor nerve in 
a muscle or system of muscles, appear to arise from a group of 
■mtually connected ganglionic cells; they receive the impression of 
onr will along the anterior white columns, and the transverse fibres 
or nyt connected therewith, passing into such a group; which 
stimolation, by being uniformly distributed over all the cells of the 
group, produces in nil the motor filaments of the nerve arising from 
it, so uniform and simultaneous action. 

2. The number of these anterior conducting filaments of volition 
must thus be proportionate to the number of groups of cells and the 
sereral combinations, of which they are capable, and must therefore 
be much less than the number of medullary filaments for the sensitive 
nerves in the posterior columns ; so that by the constant accession of 
new sensitive nerves, the wliite medullary matter increases more in 
tliickiiess upwards posteriorly than anteriorly, as is confirmed by the i 
fimn of the spinal eord in transverse sections. 

• Time will be founii in the second part of this volume, the orifpnal 
tt which was pnbliHlied four years suhseqiiently rn that of the portion of ' 
lli« work we are Ht present engaged in.— TaANSLAroa. 
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8. Where numerous muacolar nerves spniig ficom ilie vprnl oorij 
as for the extremitiesy more numerous groups of oeDs^ wbenoe tbej 
arise, must be present; hence it is, that the anterior grey honia in Ab 
lumbar and cervical bulbs are so much Uiicker than in the donal 
region, or the more highly situated portion of the cervical legian. 

4. In MiimiJa whose muscular movements are more simple^ as in 
fishes, the spinal cord is slighter, and the grey matter, as well as Urn 
ganglionic cells, is much more scanty, as fewer combinatinw of 
movements are required* 

6. Beflex movements take place, not by overleaping or transverse 
conduction, but the reflex nerves appear to terminate^ P*'^y ^ * 
central group of ganglionic cells, which are more or less directly 
connected with the several groups of motor cells ; and partly seem to 
pass into the minute longitudinal fibres of the posterior horns. There- 
fore, as the posterior nerve>roots contain at the same time sensitive 
and reflex nerves, it ib easily explained why they are nearly twice as 
thick as the anterior roots. 

6. The posterior horns of the grey matter, through which, probaUy, 
the several groups of ganglionic cdJs are mutually connected, appesr 
to serve especially for the coordination of movements which take 
place in reflex action ; the latter are more general in prop(»ticai to 
the more irritated condition of the grey matter or of the ganglionic 
cells. 

7. Through their connecting filaments the groups, of motor cells 
appear to be so united, that as a stimulus applied to one of the toes 
is sufficient to excite in a irog, by reflex action, a harmonized move- 
inent, or a jump, so also, perhaps, only one impression is required to 
produce a coordinate movement (for example a step), which may 
then again be modified, according to circumstances, by special im- 
pressions on each of these groups of cells. The cause of the coordi- 
nation of movements is situated in the spinal cord, and not in the 
cerebellum. 

8. The transverse commissures appear to be designed to preserve 
the harmony of movements between the two sides: the anterior, 
which seems to be connected more with the filaments conducting 
the orders of our will, for the harmony of the voluntary movements, 
dud of the muscles acting simultaneously on each side of the body ; the 
posterior for the involuntary harmony in reflex action, the equilibrium 
of the body, &c. 
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ON THE 

MINUTE STRUCTURE AND FUNCTIONS 
MEBULLA OBLONaATA, 

ETC., ETC. 



tKTKODOCTOBT. 



Of all tlie parU of the hmnaB body, there is not one vUch ia of 
inch great moment to ezistence and to the contmoance of life, and 
to the maintenance of the moat different and important fonctions of 
the Bjateaif uniting in a small space, and, as from a central point, 
diiecting so mach that is various in aspect and really diverse, as the 
medulla oblongata ; on which account it has long been called by 
Floorens and his followers the centre, or the middle point, and the 
knot of life. Indeed, in a limited pc^on of this organ, a simple 
puncture or injacy suffices immediately and irrevocably to extinguish 
life, and, as with a stroke, to annihilate its principal phenomena, as 
respiration, volnntary motion, nay, all that constitutes enstence. 

Here is, in fact, the nuclena and the central point, whence most 
phenomena proceed; here the seat of perception, or of sensation, 
seems to lie ; violent pain, by reflei action here, produces groaning ; 
here reflex movements pass over to either side : here is the centre 
of automatic respiratory motions and of deglutition j hence the ner- 
TQs vagus derives its remarkable in£aence upon the heart; and, 
finally, an irritated condition of this part produces excitation of the 
•exoal organs ; and even appears to have influence on the action of 
the kidneys. 

It would seem that the veiy pecaUar stmctore of tiie medulla 
oblongata has deterred the mfyority of physiolc^ists and anatomisU 
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from venturing on such an inquiiy as the present ; thcr have almost 
always confined themselves to a rude inspection of various bundles of 
mniulLiry filaments^ and accumulations of grey matter, with the naked 
eve, or liave endeavoured, by means of vivisections, to obtain s more 
acruratv knowledge of the fdnctions of its several parts. These vivi- 
sect ions hnvt*, however, often led to such opposite and sometimes 
(NTiilexing n\<ults, that the nature of this important part has not 
uufirt{uont)y been rather rendered doubtful and obscured, than 
r\p)ainiHi, bv (hem. 

It i^ novorthele»» strange, that although Stilling, in his exceDent 
trcAtiitr on the Methlla Ob/onpata,* and especially in his veiy dif« 
AiM«. but at tlio same time, admirable work on the Pami Farolii^'f 
biw nheti A innnpletoly new light upon this difficult part, and has 
k^Acu the gnnnul for alt subsequent investigators — ^physiologists 
III i^>urral srem Xo ha^o contented themselves with receiving some 
of hu rMvllrnt drUneations, without putting their own hands to the 
\Aork. On the othrr hand the ])eculiar prolixity and great size, and 
{>erha))s also the costHnoss of his book on the Pons Varolii, and its 
burdensome fonn, seem to have deterred most anatomists from lead- 
ing it ; for, of the many highly important facts contained therein, the 
majority appear to be quite unknown, and to be wholly neglected, 
not being even mentioned in the recent manuals. It is only very 
lately that the value of this work has begun to be appreciated. 
Although in my first investigations on the structure and tissue 
of the medulla oblongata, I, too, was deterred by the very com- 
plicated nature of its network of fibres, and despaired of being able 
to discover their coursi*, yet, after an attentive perusal of Stilling^s 
excellent works — of which the last, upon the Pons Varolii, in particu- 
lar, is a remarkable monument of German industry and perseverance — 
I was encouraged to tlie task, and determined, under his guidance, 
to examine those parts for myself, to compare his delineations with 
the originals, and so to tc*st them. 

I soon discovered iliat the preparation of the sections represented 
by Stilling did not present so many difficulties as I had at first 
imagined, while as I went on 1 could not sufficiently admire the 
surprising skill and fidelity with which his delineations have been 
made. 

• B. Stilling, Leber die Medulla Oblongata. Erlangen, 1 843. 
t B. Stilling, Ueber den Bau det Himknotent oder die VaroUsche Brucke. 
Jena, 1840. 
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In this manner I have oompaied by fiar the greater number of 
SliDmg^s drawings with nature itself and in most instances 
hare had to admire their very great fidelity; although on closer 
enmination^ I have often felt compeUed to differ considerably from 
Idm in describing and explaining the several parts. But as 
Stilling has confined himself chiefly to a purely anatomical exposition 
and description of the parts discovered by him, and of their mutual 
connexion, and has entered but httle upon physiological disquisition, 
I foimd some remarkable peculiarities which appeared to have es- 
caped his attention, and yet to be extremely important in a physio- 
logical point of view. 

At first, these observations related only to a few, in my opinion," 
important connexions, and I did not intend to investigate the entire 
fldbjeci of minute anatomy of the medulla oblongata ; the more 
80 88 some pathological points constituted the proper aim of my 
reseaich. However, the course of the investigation led me from one 
part to another ; the solution of one question gave the key to another ; 
whaft the structure of man did not reveal, I found demonstrated 
distinctly and clearly, and beyond my expectaljon, in animals, and 
tiniB under my hands the essay gradually became enlarged, and in it I 
think I have arrived at some, as I hope, not unimportant results, and 
hive as fiur as possible solved most of the anatomical and physiological 
qinestions; upon which I have, in the third part, wholly rested my 
pathok^cal views. That I have, throughout my examination of 
this complicated part, universally succeeded in discovering the exact 
truth, I can scarcely hope; others may hereafter follow up the subject, 
aod confirm or reject my conclusions. 

The delineations I have myself drawn from nature with the 
greatest care. 
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CHAPTEBn. 

OElnaUt ^^I^ATi^ft ON THB MKDUIUl OBIjOKOATA* 

To enable the reader properly to comprehend my hnrestigaiiaiiay it 
is abedntely neoessaiy to preface them with a brief eiptanation of 
the stmctcire of the several parts of the medulla oblongata; and I 
shall therefore^ in the.first instance^ make some general remarks on 
the difference between it and the spinal cordi partly taking Stilling as 
my goide, ptirtl7> where I have been obliged to diffior from this en- 
cdlent observer^ following the results of my own examinations^ 

The first questions which occur to us in endeavouring to obtains 
more accurate idea of the medulla oblongata^ are : — ^What new pssii^ 
absent in the spinal cord itself^ are to be found in theformerP What 
parts end hereP and what is their mutual connexionP WiAout 
entering on the present occasion^ into a number of minute particulars, 
which are most fully discussed in Stilling's great work on the J^ 
Varolii, I shall in the first place, briefly consider and answer these 
questions, and subsequently pass to a more particular study of the 
principal parU of the organ in question. 

We must first call to mind the known structure of the spinal cord, 
which is divided by on anterior and posterior fissure, as it were, into 
two lateral portions, connected to one another by more or less slender 
commissures, between which a very narrow canal runs through the 
whole cord, while the two halves of the latter consist internally of grey 
matter, extending into two anterior and posterior horns, and covered 
and enclosed by the white substance, consisting of longitudinal 
medullary filaments or columns. 

Anteriorlv, the roots of the motor nerves arise from the two 
anterior horns of grey matter ; posteriorly, the posterior comua con- 
sist in great part of very minute longitudinal fibres, which I have 
considtTed as threads of communication between the several reflex- 
nerves which appear to unite with them, and to convey the impres- 
sions they have received along these longitudinal filaments to the 
different groups of ganglionic cells, lying over one another in the 
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Biuenor corniia, whereby the mon- complicated reflex movements 
may be explained.* 

The white or medidlaiy matter ia distinguished anteriorly as con- 
sisting of the white columns, which, in my opinion, are the conductors 
of the orders of our will, and convey the Bame by means of numeroua 
niys,'s])re»ding in a transverse direction between thia meduUary matter, 
to the anterior ganglionic cells for the movement of the extremities ; 
while the more lateral white columns appear, especially according 
to Schiff's experiments, to serve for the movement of the muscles of 
the tnink.t Pinally, it would seem that the posterior columns are 
to be r^arded rather as the bearers of impressions of sensation to 
the brain. 

The canal, which runs through the whole spinal cord, occupies as 
nearly as possible, its centre; close to the medulla oblongata, how- 
ever, it begins to incline backwards, until it finally opens into the 
fourth ventricle. The two anterior grey horns whence the motor 
nerves toke their origin, follow tliis backward direction of the canal ; 
so that the groups of ganglionic cells, from which the hypoglossua 
orises, are situated quite posteriorly on the floor of the fourth 
Tcntricle. 

The lateral and posterior columns, that is to say, of the spinal 
oord, divaricate at the opening of the central canal into the fonrih 
ventricle, and thus come to lie at the side of the middle line; the re- 
Utive order and position of the parts being thereby completely altered. 
The posterior columns, for example, deviate, according to Stilling, 
not only completely to the side, but they even turn forward into the 
higher parta of the medulla oblongata, and into the lowest part of 
the pons Varolii, so tliat they are said to be situated partly at the 
ride of the anterior cohunns, and higher up even in front of these;} 
in reference to which, however, I differ in many respects from Stii- 
Hng, as will hereafter appear. The so-called gelatinous matter, or 
posterior grey lionis, likewise inclines more and more forwards.^ 

Thus, while the grey matter was at first .situated like a wreath 
aronnd the central canal, this arrangement ia now completely altered ; 
the posterior comun spread themselves out to the aide and towards 

• Part I., p. 52. 

i Scbiff aud Vierordt, /Irch. u. Phy: Heilkundr, 1854, pp. 30 et iig., and 
gaoled in thu present volunw, pp. 27 «' «j. 

t SHIling:, ;l/ei OWo«J, H. IV, Figs 1 and 2//, PI. V. and VI. //. 
etin$ faroL, PI. t.gg.f. 

I Stilling. Affd. Obi.. PI. IV., V., and Vlll. 
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the front, and the several nuclei come to lie close to one another, 
and so form the floor of the fourth ventricle.'^ By this the nerve- 
roots too are displaced, the nuclei of the motor nerves now lie above 
one another close to the middle line ; as for example, the nuclei of 
the hypoglossal and accessory nerves.f Above this spring the roots 
of the sixih pair,{ the seventh pair,§ the fourth pair,|| and the third 
pair,Y all dose to the middle line. At the side, however, more 
externally, on the floor of the fourth ventricle of the brain lie the 
nuclei, whence the nerves of sensation take their origin, for example, 
that of the vagus i^^ higher up, those of the glosso-phaiyngeus,tt of 
the auditory nerve,t| and of the sensitive root of the trigeminus.§§ 
We might even add, the optic nerve frt)m the corpora quadrigemina, 
and the olfiBctory, both of which arise more to the side of the 
middle line. 

There is thus a complete displacement or pushing away of the 
superior columns ; but at the same time new parts appear, which 
are most closely related to the nerves of sensation, and are not met 
with in the spinal cord. Thus, the nerves of sensation appear not 
to terminate in nulcei in the cord, but to proceed upwards, the seat 
of perception being by no means in the spinal cord. In the medulla 
oblongata, on the contrary, we see the roots of the vagus, of the 
glosso-pharyngeal, the auditory nerve, and the trigeminus, springing 
from their groups of nuclei, and taking their origin directly from a 
great number of ganglionic cells, which, according to my observa- 
tions, differ, more or less, in size and form for the several sensitive 
nerves. 

The explanation of this is, that the medulla oblongata appears 
probably to be the seat of perception, to which all the sensitive fila- 
ments of the spinal cord convey their impressions, and where the latter 
are perceived. Stilling even thought he had found, what I can- 
not admit, that the posterior columns of the spinal cord pass wholly 

• Stilling, Med. Obi, PL VL g, h, PI. VIL, Figs. 1—6^, A, yi ; my Fig. 
1 B. rf, e,f. 

t Stilling, Med. Obi, PI. V. g, h ; my Fig. 1 d, e, Fig. 2 A, A, A', a, k. 

X Stilling, Pom Varol, PI. XVIII, Fig. 1 ; my Fig. 4e,/. 

§ Stilling, loc. cit,, Plate XVIIl., Fig. 2 ; my Fig. 4//'. . 

II StUling, /. c, PI. XVIIL, Fig. 3. t Stilling, /. c, PI. XI. 

•• Stilling, Med, Obi, PI. VI. h; my Fig. I e,f, 
ft StiUing, Med, Obi, PI. VII., Fig. 1—6 n n. 
XX Stilling, Pom, Farol, PL I n fi ; my Fig. 4 g g\ A. 
\S Stilling, /. c, PL XV. TT, i; my Fig. 4 r. 



EXPLANATION OF PLATE L 
Fig. 1. Uedulla Oblongata. 

A^ B, C, D, Left half of the medulla oblongata* 

Ay B, Raphe or aeptnm, in whioh the fibres deoaaaate. 

A» Corpora pyramidalia. 

C, Corpora olivaria. 

D. Corpora reetifonnia, and root of the fifth nerve. 

a, hf c, Tranarerae fibres (fibra arcifonnes) aa they are paaaing through the n^iha 

or septiun. 
d. Ganglionic nudeuB for the nenma hypoglossna, and the root of this nenre paaaing 

into the nndens. 
0. Boot of the nervos vagus or acoessorina in its nuclens, e,/. 
f. Nucleus for the vagus. 
g g, Nervus vagus. 
h, Nervus hypoglossus. 
% i. Corpus olivare. 

k, Aoooesory nucleus of the corpus olivare. 
/. Same on the outside, 
m, n n. Transverse fibres (fibm arciformes), which, in connexion with the centrum 

of the vagus, connect both sides for bilateral action. 
Of p. Transverse fibres for the ganglionic nudous of the hypogloseus and vagus, 

which pass to the septum, cross one another, and so accomplish the decussation 

of the nervous influonco of the hypoglossus and accessory. 
q q, r. Fibres passing from the corpora olivaria, towards the raphe, to the decussa- 
tion. 
», 9, p. Fibres from the corpus olivare to the nucleus of the hypoglossus. 
8, Longitudinal fibres, into which filaments of the vagus pass. They constitute the 

superior portion of the lateral columns of the medulla spinalis, and terminate 

here. 
t. Boot of the nervus trigeminus. 
V. Longitudinal fibres from the corpus restilbrme. 
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COMPARISON WITH THE SPINAL CORD. » 

■Co ik ingBDiinB ;* it seems to me tbat ther end iboot vbere the 
h'yiiiJBs hegmsy namelT, st tiie sesi of pereeptioiut 

If ve now compare the fsfiatl cotd with the mednlls oUangata, 
fc Ml wBt, that not onh- the direcdon and the matnal rriation of 
Ae paits are tot much altered, but that the medulla oblongata is 
eDBBdaaUj increased in thickness. While the anterior conraa of 
Ae grey matter vere fonnerly ^aced bdiind the anterior white 
eoiimns in the spinal coxd, and were ooTered bj a oomparativelv 
Am layer of vhite medollanr matter, in the medulla oblongata these 
bife passed entireiy backwards on the floor of the fourth ventride, 
alia pboe of the anterior oolmnns a tcit considerable mass of inter- 
hood fibres here exhibits itself the roots of the frcial, hypoglossal, 
aad TagDS nerres perforating the entire thickness of the medulla 
nWcwigata, in order to pass from their nadei outwards to the nerve- 
tnmLl The fissures, by which the spinal cord was divided from 
htbte backwards, have almost whoUy disappeared, and the two sides 
■e most dosdy connected by the partition or raphe of Stilling. 

* StiUmg, Perns Farol^ pp. 45, 133, and especially 168, TlVLsSt com- 
piled witli PL V.^^, and PL XV. 

t That the medulla oblongata is the seat of perception can scarcely be 
lay longer a sdbgect of doubt. Not only is it known that the brain itself 
ii insensiUe, but while the nerves of sensation in the spinal cord pass up- 
wards, the trigeminus descends to the medulla oblongata, that is to the 
•eat of perception. In fishes, the sensitive nerves run in the same direo- 
tkm to the medulla oblongata, and in them there is no higher place to 
whidi to ascribe the seat of sensation. In like manner the formation of 
the brain begins in the foetus with the parts situated at the base of the 
skull; the cerebrum is still wanting just as in the fish; but nature com- 
rnenoes its formation with the parts that place us in relation to the ex- 
ternal worid, that is with the centres for smell, the corpora quadrigemina 
for sight, and the medulla oblongata for hearing, taste, and feeling. It is 
not until afterwards that the hemispheres are developed as organs, which 
are connected with the parts mentioned by special bundles of fibres, as has 
been so beautifully represented by Foville, Anai, et Pky$, dm SjfsU nerrtmx, 
FL XVIII., Fig. 1 N N N'', and^ C L B B B, and which further eUborate 
the obserred impressions and act as organs of the higher faculties. In 
like manner nature begins with the corpora striata in the foetus and in the 
fish, as the instruments by which the will acquires the power of producing 
motion. In the fish there is no other part to which we could ascribe this 
power, and in the ascending scale of animals, all these fundamental parts 
retain their proper functions ; only others are added which are more closely 
connected with the higher faculties. * 

t Stilling, Med. ObL, FL II, I l^ compared with FL V. ^, A see also my 
£nt Fig., letters d^ A, — e, g g. 



94 STRUCTURE OF THE MEDULLA OBLONGATA. 



This incieued quantity of nervous sobstanoe, whereby the mednUa 
oblongata is rendered so very much thicker, cannot, therefore^ be doe 
simply to a prolongation of the white nervous fibres, or oolnnins of 
the spinal cord ; many new parts are, on the contrary, added, whidi 
did not exist in the cord. It is chiefly the connexion of these new 
parts with the medullary filaments and gr^ matter, extending up- 
wards from the spinal cord, which makes the study of the m^nlla^ 
oblongata of such importance, and at the same time so oomplicated 
and difficult 

Stilling has carefully described and represented these various 
bundles of ascending longitudinal fibres in the meduUa oblongata, and 
has endeavoured to foUow the white columns of the card throngli the 
medulla to their final terminations ; in this^ however, notwithstandtng 
the fulness of his description and the fidelity of his drawings^ he 
has, in my opinion, not wholly succeeded. 

According to Stilling, not only does the grey matter pass back- 
wards in the medulla oblongata, but the white anterior odnmns also 
follow the same course, and these are said to be again corned by 
other new parts. 

In the first place. Stilling introduces the corpora pyramidslia, 
which he regards as entirely new bodies, stated to take their origin 
in this situation, from grey matter, and which are said to cover tiie 
anterior columns.''^ He even considers it doubtful, whether fibres of 
the anterior white columns of the spinal cord are connected with the 

pyTamids.t 

In this I con by no means agree with Stilling. It is true that on 

making a longitudinal section we see some thicker bundles, especially 

under the corpora olivaria, passing straight upwards, but these, pro- 

• AledMUa Oblongata, pp. 27 et teg, PL VII., Fig. 11. 

f /. c,y p. 28. It is indeed true, that on a longitudinal section at the 
seat of decussation the fibres of the pyramid appear to arise obliquely, 
like the feather of a quill, as Stilling expresses himself; but this is only 
apparent ; they run like fingers interlaced, and are bent laterally, in order 
to pass to the opposite side of the medulla oblongata, as is strikingly 
represented especially by Lenhossek (UntertHchungen ueber den feinen 
Bau des centralcn Xervmsystems, Wien, 1855, PI. I., Fig. 2, PL IV., 
Fig. 1). In consequence of this oblique course, they are cut through on a 
longitudinal section. Kolliker too considers the p^Tsmids to be not an 
independent system, but a prolongation of the lateral columns of the 
spinal cord, MUtratk. Anat., 2 B., 1 H., p. 455. I doubt whether Stilling 
himself would further defend his hypothesis. 
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bsbly, decussate higher up. Tlio anterior colauuis, however of the 
spinal cord luidoafatedly pass, after the decaisatiou, into the corpora 
l^mniidjkliiL. This ia acknowledged by all anatomists. But I willingly 
admit, that the number of Gbres in the pyramids increases in a marked 
degree, superiorly in the pons Varolii, which may partly give rise 
tu the increiised tliickncK) and augmented bulk of these parts.* 

The principal cause, however, of the increased tbicknesa of the | 
■wdnlla oblongata is to be found in numeroaa parts, wliich either i 
■rise in it as perfectly new bodies, consisting bolh of white aud grey ' 
matter, or come Irom elsewhere, and, consequently, were not prescDt 
iu the spinal cord. 

To these belong, in the first place, the corpora restiformia and the 
posterior pyramidal bodies, the soft and wedge-Uke colomns of Stil- 
ling, on the outer edge of the fourth ventricle, which, as Stilling 
correctly remarks, are not, as was thought, and ia atill maintained 
by many anatomists, the continuation of the posterior or seusitivfi 
OolomnB of the spinal cord, but are derived from the cerebellum, and 
descend in the medulla oblongata &om behind to the side, where 
they terminate by, al least for the greatest part, resolving themselves 
into tranffverse fibrea, wliioli in such great numberB pervade the 
medulla oblong)tta.t 

According to Stilling, a portion of the former posterior white 
column:*, namely, the anterior portion, passes upwards in company 
with the foregoing, in order to unite with Ihe corpora restiformia, 
to which, therefore, these columns probably impart sensation-J 

■ TUia ia particiilftrly clearly explaineil by Stilling in bis great work on 
the Pvnt Farolii. These new fibres, bota the corpora pyramidalia, appear 
«l>ray> to stop at the outside of the ascending bundles of tlicsc bodies, 
wliicli arc much interlaced in the pona ((. c, p. 99, No. 6. PI. VII., VIII., 
IX., P 1, P X). It is slill unceitUD what connexion exists between these 
descending flbres derived from the brain, and those of the corpora pyra- 
midolia ; but I suspect that tbey become connected with the grey matter 
and little multi-polar ganglionic cells, situated between these biuidles, and 
in this manner pcrbapa unite in the corpora pyramidalia with the fibres 
derired flora the anterior columns of the spinal cord. 

t Stilling, Potu Farolii, pp. 151 et seg. This descent of the corpoTK 
rMtiformia is very beautifully delineated by Stilling, Pom Farolii, PL 
Xn., Fig. 12—16, and in the outline Figs., PI. XXI., Fips. 12—16. i 

I Stilling. Poia Farolii, pp. 26, 43 et srg. Tab. i. O, ( (. 

If Browo-Scquard had beeD acquainted with this course of the sensory 
flUmcnts, described by Stilling so early as 1846, be would not have 
•nnouDCcd as a new discovery the sbgular fact put forward so promi- 
nently, that on cutting through the one half of the medulla oblongata 
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To this we shonld add^ tbat, as wOl hereafiter be seen, the root of 
the trigeminns runs downwards in the medulla oblongata, even to 
the level of the origin of the hypoglossus and aooessoiy nervea. 
During its course, this root, however, gradually becomes slif^ter by 
giving off numerous filaments, and it appears, according to Stilling, 
to unite with the descending corpora rratiformia. 

The increased thickness of the medulla oblongata is also occasioned 
to a great extent by the corpora olivaria, which, as is well known, 
are situated on the outer side of the corpora pyramidalia, and enclose 
the so-called corpora ciliaria or dentata; they constitute a wholly new 
mass in the medulla oblongata, on which subject we shall heieafter 
speak at greater length. 

Besides these parts, the grey matter of the medulla oblongata is 
likewise greatly increased by the nuclei and ganglionic groups, whence 
we have already seen, the nerves of sensation arise ; which appears not 
to be so much the case with the sensitive nerves of the spinal cord, 
and seems to be closely connected with the fact of the medulla 
oblongata being the seat of sensation. 

Furthermore, a very important system of transverse fibres extuhits 
itself in this situation,* whereby the two sides of the medulla oblon- 
gata are intimately connected, and to a degree that cannot be seen 
in any other part, whether in the brain above, or in the spinal cord 
beneatL The two sides of the medulla oblongata appear to be re- 
ciprocally so intimately united by these transverse filaments, that we 
may suppose that influences acting on the one side must also be com- 
municated to the other. 

Finally, we have here an important system of fibres, which in my 
opinion have, at least in great part, been incorrectly explained by 

the upper or central portion of tlie corpus restiforme was rendered devcud 
of feeling, and that therefore the sensory filaments could not in this situi^ 
tion proceed from above downwards. Recherches expirimentales ntr Im 
irammitiion crouSe det impressions sensitives^ Paris, 1855, pp. 6 et seq. The 
sensibility of the corpus restiforme would seem to be due to the portion of 
the posterior white sensitive columns described by Stilling, which accom- 
pany the corpora restiformia to the cerebellum, and which were, therefore^ 
cut through in Brown-Sequard's experiment The merit of this writer oa 
this point therefore consists, in his having' confirmed, by a physiological 
experiment, which is also important in other respects, the anatomical con- 
nexion of these parts, already much earlier pointed out by Stilling. Fur- 
thermore, the fact is in my opinion, in favour of the view, that the seat of 
proper sensation is to be sought in the medulla oblongata. 
* See Fig. I, m, n n. 



THE CORPORA PYRAMIDALIA. 97 

Stillingy and which contribute very much to the augmentation of 
the medulla oblongata. 

Stilling's opinion is^ that the numerous longitudinal bundle in 
the medulla oblongata, which are separated from one another by an 
incalculable number of transverse and radiating fibres^ are almost all 
prolongations of the anterior^ lateral, and posterior white columns of 
the spinal cord. But if this were the case, it would follow that they 
must be considerably increased in number, as the size of the medulla 
oblongata, which is perforated by the roots of the nerves, is so much 
greater than that of the spinal cord itself. 

Stilling; having once expressed the opinion that the pyramids were 
new bodies, originally arising in the medulla oblongata from nuclei, 
and, therefore, not considering them to be the continuation of the 
anterior white columns of the spinal cord, it was natural that he 
should seek the latter elsewhere, and he now placed them behind the 
pyramids. It appears to me, however, that much confusion has, con- 
sequently, been created in his determination of the course of the 
several columns of the spinal cord in the medulla oblongata, as their 
limits are difficult to define.''^ 

Thus, the pyramids are the prolongations of the anterior columns 
of the spinal cord, which seem to me to serve especially for the move- 
ment of the extremities ; these decussate before they pass into the 
medulla oblongata.t In this decussation, however, the longitudinal 

* See also Lenhossek, Neue Untertuck,, pp. 64 et seq. 

t If we observe the further coarse and division of the pyramids through 
the Pons Varolii into four principal columns, as is represented by Foville 
(TVaiii ewmpUt de Vanat. physioL du Systkme cerebrospinal, PI. 5, Fig. 1, lett. 
1, S), which deeper columns of Foville appear to agree with the anterior 
^^IP«« of StUling (Pons Varolii, PI. I., II., III., IV. d d,) we can 
•carcely suppress the suspicion, that these four columns of the pyramids 
may serve for the four extremities. It must be left to subsequent investi- 
gations to decide this point. 

Meanwhile it has struck me very forcibly, that the pyramids in the me- 
dnlla oblongata in hoofed animals, as the horse, ass, and calf (see Fig. 4 n, 
IB the calf), are much slighter than in beasts of prey, apes, and man (Fig. 
11, 12t in tibe cat A, Fig. 1, in man A). Perhaps this is connected with the 
aliseiice of the special movement of the hand and fingers in the hoofed 
aidinals, where the mechanism of motion is consequently much more 
ample. It is indeed natural, that for movements so complicated as 
diose of the fingers on the extremities of a man, a much greater number 
of fibres should be required in the pyramids, and accordingly on a 
transverse section of the medulla oblongata the thickness of the pyramids 
in man is disproportionately much greater than in the calf or horse, not\i ith- 

H 
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fibres, which ate situated behind and to the sides of the pyramids, do 
not at all participate; they therefore constitute another systen(t of fibres. 
They are, at least in great part, not prolongations of the white lateral 
and posterior columns, but commence as an entirely new system of 
fibres in the medulla oblongata. 

There are, in fact, fibres, which, derived firom the brain, or rather 
firom the corpora striata, thalami, and crura cerebri, descend and ter- 
minate in the several nuclei and ganglionic groups, whence the nerves 
of the medulla oblongata arise ; as there are also those which pass into 
the corpora olivaria and other ganglionic groups, of which several 
occur in the medulla oblongata, in order to convey to them the 
orders of our will. 

In my opinion, therefore, these longitudinal columns, divided into 
so many slender bundles, are, in part^ descending fibres;, terminating 
in the medulla oblongata, and so contributing much to its aug- 
mented bulk. 

The nerves, in fact, as the hypoglossus, vagus, glosso-phaiyngeos, 
&c., all arise above the decussation of the pyramids, and neither the 
nuclei, nor the fibres conveying to them the orders of our wiB, can 
participate in the decussation of the pyramids, above which they are 
situated ; but they constitute a new system, the decussation of which 
is accomplished in another manner, as I shall hereafter point out. 

The lateral and posterior columns of the spinal cord pass, indeed, 
into the medulla obloDgata, but by far the greatest part would 
appear to me to end here ; that is to say, if we may adopt SchifTs 
opinion, that the lateral columns of the cord serve rather for the 
movement of the trunk, and, therefore, especially for respiration.* And, 
as it is well known that the centre for the function of respiration has 
its seat iu the medulla oblongata, and that if the brain be cut off above 
that point respiration still continues, it follows that a great number 
of the fibres constituting the lateral columns in the spinal cord 
would appear to terminate here.t From this centre of the function of 
Vespiration new fibres must, however, again commence, which ascend, 

standing that the entire thickness of the medulla oblongata is much more 
considerable in the latter. A part of the corpora pyramidalia appears, 
however, in the calf, horse, and ass to separate into thin fibres in the sub- 
stance of the corpus trapezoides and to be lost, as otherwise these bodies 
would here be disproportionately small. 

• Vierordt, Arch, fur Physiol Heilkundey 13 Jahrg. 1 Heft. 1854, pp. 30 
ei seq. See also my Essay on the Spinal Cord, pp. 26 et seq, 

\ Of this hereafter. Stilling assumes an uninterrupted continuity of 
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in order to serve as conductors of volition whereby we can also 
▼olontarily control respiration. 

As;, farther^ the medulla oblongata appears to be the seat of sensa- 
tion,''^ and at least the brain itself to be insensible, only parts situated 
somewhat higher than the former (as the corpora quadrigemina) 
seeming to participate, to a certain extent, in this sensibility; it 
would follow, that the posterior columns of the spinal cord, so far as 
these can be regarded as conductors of sensation, likewise find their 
termination in the medulla oblongata, and partly, perhaps, somewhat 
higher among the groups of ganglionic cells, which are there so 
numerous. 

Yet, on the other hand, new fibres appear to ascend from the 
medulla, so as to place the brain in closer connexion with the 
centre of perception, the course of which is particularly given by 
Foville, and which betake themselves to the so-called cribriform 
space (his eipace quadrUatere perforS),^ in order hence to radiate 
cut through the antero-posterior arch of fibres, under its internal 
convolutions, into the grey matter of the hemispheres.^ 

We may thus correctly regard the medulla oblongata as the 
nodus vitae, or as a central point, where many different bundles of 
fibres end, or take their origin in various ganglionic groups, which 
hence diffdse their infiuence over so many different parts of the body. 

Above all, however, the number of transverse fibres in the medulla 
oUongata, which I have already referred to, is of great signi- 
fiosnce and importance ; as in no other situation do they occur to the 
same extent, and they appear to have a tendency, at least for the 
greater part, to bring the two sides of the medulla oblongata into 

all the colamns into the brain. Neue Untertuehungen ueber den Bau det 
BmekemmarkSf 1857, 3 Liefer, p. 630. 

* Ssokalski removed in young dogs, rabbits, &c., the anterior bemi- 
qpheres, the corpora striata and thalami, the corpora quadrigemina and the 
eerebellam, and notwithstanding this mutilation the animals cried when 
he pinched their tails ; they rubbed their noses on every mechanical or 
diemical irritation of the mucous membrane of the organ ; they ground 
their teeth when anything bitter or acid was put into their mouth ; ao that 
he regarded these rather as instinctive than reflex movements, in which I 
camot altogether agree with him. See Prager Vierteljahrschrift, 1854, 
1 B., p. 79. 

+ Foville, Traits complet de VAnatomie et de la Physialogie du Sytthne 
Ntrveux Cerehro^inal, PI. 18, Fig. 1 Y Y" G, L. 

: I <?., PL XVIII., Fig. 1, L, B, B, B, B, i, 6, 6, 6, also PL XIV., Fig. 1, 

D, By By By B, 6, 6y 6, h, 

h2 



100 STRUCTURE OF THE MEDULLA OBLONGAtA. 



more intimate union with one another^ — a circumstance wbich is 
most closely connected with the functions of that oigan. 

As the spinal cord is divided by an anterior and a posterior groore 
or channel^ as it were^ into two corresponding lateral portions, con- 
nected only by its comparatively slender commtssures!, we see thit 
the muscular actions of each half of the cord take place indepen- 
dently, that is, unilaterally ; the movements of the muscles of the 
extremities and the trunk, on the one side, being capable of beii^ 
performed separately. From the medulla oblongata, however, many 
compound muscular movements are produced, which are bilateral, 
that is, which are performed simultaneously on both sides with the 
same force ; as, for example, those of the tongue and pharynx in de- 
glutition, as also the movements accompanying speech, the vdc^ 
respiration, coughing, &c. 

In order that such important movements may always be per- 
formed uniformly on both sides, a system of transverse arched fibies 
appears to be placed in the medulla oblongata, reciprocally conneci- 
ing most of the parts met with in that organ. These fibres lie 
wanting in the spinal cord. They pass from opposite sides to the 
septum or raphe of Stilling, where they distinctly decussate at moie 
or less acute angles.* 

A few of these transverse fibres arise from the nuclei of the fiudal 
ne^^T ;t a much greater number come from the trigeminus, J from 
the nuclei of the accessory, the vagus,§ the glosso-phaiyngeal, and 
auditory nerves, || some connect the two corpora olivaria with one 
another.lT A considerable portion, however, of these arched trans- 
verse fibres take their origin from the corpora restiformia and the 
so-called soft columns, which, as Stilling has very correctly pointed 
out,** are resolvedtt partly into these arched fibres, partly into the 
external circular marginal fibres of the medulla oblongata, the so- 
called fibrai arciformes of Arnold, or the stratum zonale. 

Through this system of fibres, the corpora restiformia and the soft 
coluiniif* api)rar to effect an union of the two sides of the medulla 
obloiigiitn. 

lint ns these corpora restiformia and the soft columns are derived 

• Fi^. I, (z, 6, r. f Fig. 4,/, c, at the front. 

t Fig. 1, t, w, /, n, k, r, h. § Fig. 1,/, wi, *, n, h, 

II Fig. -1, h,d, 1 Fig. 1, i, y, y, r. 

•• Stilling, Med. Oblong.^ pp. 35 et seg. 
jf Fig. 1, Vj Tiy /, q, rif and D, C, A. 
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from the cerebellum, and as anotlier part of the cerebellmn, namely, the 
pons Varolii, likewise establishes an union of the two sides, we can 
scarcely suppress the suspicion that a principal object of the cere- 
bellum, whose functions still appear enveloped in so much mystery, 
is to accomplish an intimate union of the two sides of the nervous 
system in the medulla oblongata and the pons Varolii.''^ 

Above the medulla oblongata in the brain, most functions appear 
tgain to become unilateral ; we know that at least so far as motion is 
oonoemed, an effdsion of blood in the corpora striata produces hemi- 
pl^ia or unilateral paralysis: so that in this respect the brain 
agrees with the spinal cord, and the medulla oblongata alone is dis- 
tingmshed from the other parts of the cerebro-spinal system, by its 
peculiar system of transverse fibres, rendering it, in many functions, a 
bilaterally working organ. 

Besides these arched fibres, uniting the right and left sides, there 
are also other transverse commissures, especially between the nuclei of 
ihe nerves, the action of which is mostly bilateral ; thus, for example, 
between the facial nuclei, and also the nerve-trunks themselves. Fig. 
S,/', d, J. Kg. 4, /, 4, between the two accessory nuclei. Pig. 2, 
A^ a, h\ df a, i, and those of the hypoglossus. Fig. 2, A before G. Fig. 
1, d^ B. Fig. 12, d^, B ; to which subject T shall hereafter return more 
particularly. 

* We might even add the so-called crura cerebelli ad corpora quadri- 
gemina, which, according to StiUing, have been incorrectly thus denomi- 
nated (Pon» FaroIU, p. 70), as their fibres pass aside to the pons Varolii, 
where they likewise decussate in front of the crura cerebri, and pass into 
the so-called Haube, or inteyumerUa peduncuhrum cerebri of Stilling 
(Pom Farolih PL XIX., Fig. 10 D). 

It appears to me that the well-known experiments of Flourens and 
Hertwich are quite consistent with the opinion which makes the cere- 
bellum an organ of union (which, however, I put forward merely as a con- 
jecture), as irritation of the cerebellum by means of these arched filaments 
of union, which everywhere appear to be connected through interspersed 
ganglionic cells with the longitudinal fibres, must necessarily have a dis- 
turbing influence on the activity and conduction of the orders of our will. 
Indeed, in my opinion, we can hardly look upon the cerebellum as an 
organ for the coordination of movements, as, if the brain and cerebellum 
are removed in an animal, all movements harmonized by reflexion, as 
leaping, &c., still take place. 
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CHAPTER III. 

ON THE DICUSSATION OF THE NE&VES OF THE MEDULLA. 

OBLONGATA. 

When we reflect, that the anterior, and perhaps partly the lateral 
oolnmns of the spinal cord, so far as they are to be regarded as con- 
ductors of the orders of our will to the several motor nerves, arising 
from the anterior comua of the cord, undergo a decussation in the 
corpora pyramidalia,the question presents itself: — How are the nerves 
circumstanced, which take their origin above this decussation, and 
consequently do not participate therein P 

This important, and, indeed, very difficult question, has been in 
general too much neglected by physiologists. From pathological ob- 
servations, however, it appeared to be clear, that a decussation must 
also take place in the nerves alluded to, at least in part, for all 
observations do not agree even on this point. Such a decussation of 
these nerves is, a priori, probable; for without it we can scarcely 
imagine how, when the will acts on the right side of the body, it can 
at the same time set in motion, not the left, but the right side of the 
face or tongue, and yet after apoplexy in one hemisphere of the brain 
we almost always see paralysis of the opposite side, as well in the face 
and tongue as in the extremities. 

But the manner in which, and the situation where, this decussation 
takes place, is a question by no means easily solved ; as the very com- 
plicated nature of the network of thousands of fibres interlaced in 
different directions makes it very hard always to follow the true 
course of the latter ; while the minuteness of these fibres and nerve- 
filaments often renders it extremely difficult to trace them with 
certainty. 

Kolliker is the principal advocate of the theory, that the nervous 
trunks of the medulla oblongata all decussate,* and he believes that 

• Mikroskop. AnaL^ 2 B., b., p. 467. 



^ EXPLANATION OF PLATE II. 

Kg. 2, J, DecuBsation of the Hypoglossal and Acessory Nerves. 

C Central canal of the medulla, eiactly under the extremity of the fourth rentricle. 

c. Emthelial oella in the central canal. 

R. Raphe or septum, in which the deounation takes place. 

H H\ x^erri hypoglosai, terminating in their nuclei or ganglionic groups, and rami- 
fying therein. 

1, 2, 3, Rig^t aide : the expansion of the nerre-fibres of the hypogloeens in the 
nucleus. 

A A*. Acc ess ory nenro, passing into its nuclei, a/ k' and a, k, 

a a a a, at the left, and a' of of a, tX the right. Fibres which arise from the nucleus 
of the aooeasory, a, k, on the outside and inside, and pass into the n^he, J?, in 
order again to radiate at a and a\ 

h' h' h* at the right Fibres from the hypoglossal nucleus. A, kf, on the outside, 
passing towards the raphe. 

A'^ h". Fibres passing from the inside of the nudens, towards [the raphe, to the 
decussation. 

A'^ h**\ Fasciculus flrom the inside, which extends in front of the central canal 
towards the other side, through the hypogloesus, H^ and is here lost in longitu- 
dinal fibres on the outside of tne latter. 

I. Longitudinal tract, passing into the lateral columns of the medulla spinalis. 
—a a /, flbffes, whicn, in place of radiating inwards in the nucleus of the acces- 
sory, radiate towards the longitudinal tract, /. Close to / a multi-polar gan^on 
isseen« 

m, d. Transverse fibres, whereby these columns communicate with one another. In 
front of the central canal before c, trsnsrerse fibres are likewise seen, by which 
the hypoglossal nuclei are in part mutually connected. 

Fig. 2, B. Longitudinal Section of the Medulla Oblongata of a Cow, 
nearly parallel with the Raphe, but more to the side close to the path 
of the Hypoglossus. 

a a. Iiongitudinal bundles of fibres which, derived from the brain, pass downwards 

(conductors of the orders of our will, or of impressions of sensation^. 
a, 6, c. Oblique fibres, crossing one another in every situation, and in tne most varied 

manner, and surrounding the transverse fibres, which here appear obscure. 
</, s,y, ^. Multi-poliu: ganglionic cells, mostly situated in or on the border of the 

transverse fibres, and giving off tranverso fibres, e<, f<,g. They are connected 

with the longitudinal fibres, d^ e, which bend into them, and appear to lead to 

the nuclei of the nerves. 
</, e'. Other longitudinal fibro.H, which bend across without passing into a frangrlion. 
h h. Transverse bundles of fibres (fibne arciformes), cut across in this longitudinal 

section, and now obscurely seen. It would appear that they are connected with 

ganglionic cells. 

"Fig. 3. Section of the Medulla Oblongata, on a level with the Facial 
Nerve in a Cat. 

a, h. Raphe. 

0, t. Abducent nerve, which, at t, </, bends outwards and docs not decussate. 

ff\ rf, h. Facial nerve. At f\ d, its fibres surround one of the posterior cut roots 
of the auditory nerve in the fourth ventricle, and pass, in o, partly obliquely 
into the raphe, to radiate on the other side (see rf, o, k) ; jwirtly in transverse 
fibres to the other side (see b). 

ff, A. Nervus auditorius, which at h passes into its nuclcuH, whence numerous trans- 
verse fibres arise, which, as fibra> arciformes, in the course /\ t, k, r, repair 
to the other side, and hero pass through the raphe, to connect the two nuclei of 
the auditory. 

/ /. Transversely cut root of the trigeminus, which is situated between the facial and 
auditory ner\'eH. 

m m, CorjuiM olivare supcrius. 

Fig. 5. Small portion of the Corpus Ciliarc, from the Corpora Olivaria, 

magnified 450 times. 

a a. Uni-polar ganglionic cells, whence a fibre proceeds. Probably the other fila- 
ments ore cut off, and are. therefore, not seen. 

b. Bij>olar ganglionic cell, whence the one filament passes into another ganglionic 

cell, c. and connects the two. 
d d. Two ganglionic cells giving off two filaments on the one side. 

[To face page 103. 
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lie has actaaUy obsevred this decussation in the hypoglossal''^ and 
tcoessoiy^ ncsrves. 

According to the position he had assumed (which may now be re- 
garded as completely abandoned)^ the nerves do not terminate in the 
interior grey comua of the spinal cord^ but pass upwards through 
the pyramids directly to the brain4 KoUiker thought that the same 
new ought also to apply in this instance, and he consequently supposes, 
Botwithstanding the contradictory observations of Stilling, that the 
eommencement of these nerves is not to be sought in the medulla 
cMongata; but that they derive their origin from the head in the 
nxpota striata or optic thalami.§ 

On account of the importance of the matter, I have instituted 
nmy investigations of this subji^t, not only in man, but also in the 
ape, 9SS, hone, cow, dog, cat, and several other animals, which have 
led me, after careful examination with very different magnifying 
poven, to a definite result. 

Tintf as to the hypoglossus, it was evident, that this nerve does 
not itself decussate, but that it is wholly lost in the hypoglossal 
nudeua and spreads out into numerous fibres, which pass over into 
the multi-polar ganglia. 

In order to make this really very complicated course of the several 
fibres dear, I have prepared, with as much accuracy as possible, a re- 
presentation of the hypoglossal and accessory nerves in the calf (see 
Eg. 2, A) ; which differs firom nature only in this, that very many of 
these different nerve-fibres do not become visible, until they are mag- 
nified from two hundred and fifty to three hundred times, when I have 
aocnrately traced them^ and have subsequently reduced the drawing 
to about ten times the natural size, though at the latter, many of 
these fibres are not at all distinguishable. The section is taken im- 
mediately under the fourth ventricle, where the lateral walls begin to 
dose to form a canal. 

This canal is seen in Fig. 2 C, everywhere invested with a conical 
epithelium. B, is the raphe of Stilling; on each side the hypoglossal 
nerve H^ and H is seen passing with its fibres into the hypoglossal nu- 
cleus i, k, possessing a quantity of multi- polar ganglionic cells, which 
are merely indicated in the drawing. These fibres of the hypoglossus 
after entering the nucleus, spread out in a fan-shape, both outw^ardly 

* /. e, p. 458 and p. 453, Fig. 136 /. Lenhossek states the same, /. c. 
p. 3 a. t /. c. p. 458. 

X il e. p. 440, Fig. 131. I /. e. pp. 466 et ieq. 



104 DECUSSATION OF NERVES OF THE MEDULLA. 

from the nucleus 1^ 2, and towards the middle and inside 1^ 8^ where 
some fibres even lead to a tolerably great distance backwards. 

In addition to these fibres spreading from the hypoglossus through 
the whole nucleus^ in order to unite with the ganglionic cells^ othen 
leave the nucleus, to pass along its outside to the raphe i' U k', and 
to the other side of the nucleus A. 

Tlie latter fibres arise in fact, first, on the outside of the nudens 
X h' k\ and k, and partly on the inside k" k", so that the nucleus 
is surrounded on all sides, and, as it were, enclosed. Both bundles 
proceed to the raphe, in which they run at first more or less forward, 
to leave it again at the outer edge of the opposite side, where we can 
follow them for a little between the network of longitudinal bundles 
and transverse fibres, until tliey are lost at different distances, and we 
can trace them no further ; as, perhaps, from taking a curved direc- 
tion, they here appear to be truncated. Some fasciculi follow a 
somewhat different course ; a few, that is to say, as is represented at 
one side of the object, and which in this preparation occurred only 
on the one side, arise internally at k", strike over in front of the 
canal to the opposite side, run nearly parallel with the anterior 
marginal fibres of the opposite nucleus ; but in the neighbourhood 
of the hypoglossal nerve pass more forward, and run obliquely 
through the hypoglossus^ to be lost in the ascending longitudinal 
bundles at the side of the hypoglossus. A" A". 

This last fasciculus, which I have met with in many preparations, 
presents at first sight tlie appearance of hanng been derived directly 
from the hypoglossus, so that I at first thought that Kolliker was 
partly correct in thinking he had seen that the hypoglossal nerve 
itself decussated. 

Bepeated and acrcurate examination \vith higher magnifying 
powers completely convinced roe, that this fasciculus is not derived 
from the hypoglossus itself, but that it penetrates through the fibres 
of the nerve, to be lost in the longitudinal bundles, or perhaps to be 
reflected among them. From the hypoglossus itself no filaments pass 
to the other side, but all are lost in the nucleus of its own side, 
H' 1, 2, 3. 

This is completely confirmed by the remarkable experiment per- 
formed by Stilling, who says that he has undoubtedly seen, that if 
the skull of an animal be opened, the cerebellum removed, and a 
oooching-needle passed superficially or deeply into the h\^oglossal 
nucleus^ movements arise in the tgngue, and more particularly in 
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the left or right side of the tongae, accordingly as the left or right 
hypoglossal nucleus is irritated.''^ 

But if the hypoglossus itself decussated^ passing to the nucleus of 
the "opposite side^ the reverse should have taken place^ and when the 
left nucleus was irritated^ the right side of the tongue should have 
been set in motion. I admit, however, that extreme accuracy and 
peat attention are required, to follow these filaments with certainty, 
among other fibres running a nearly parallel course, and to arrive at 
the true state of the case, the more so, as between these fibres others 
run which are not under the control of the hypoglossus, but are 
denved firom the accessory nucleus. Besides these, fibres run also 
from the postero-intemal side of the nuclei of the hypoglossus, and 
pass transversely from the one nucleus to the other, thus forming trans- 
verse commissures (Fig. 2 Q, in front of the central canal). I have 
toxmd this distinctly and unmistakably in other sections taken 
higher up from the ass, where the hypoglossal nuclei lie on the floor 
of the fourth ventricle, and are united to one another by transverse 
nerve-fibres, which, as I saw satisfactorily with strong magnifying 
powers, consist of true nerve-filaments, and not of connective tissue, 
as ffidder tliinks.t 

I have, on account of the close connexion, represented this in the 
nme drawing. 

Thus, we see the accessory nerve, "Pig. 2 A' A, entering its nucleus, 
which is stretched out, and consequently appears slighter and longer, 
bat is very rich in ganglionic cells, a, i', a, k. 

From this nucleus likewise arise at each side fibres, decussating in 
the raphe, both from the inside, a, i, a\ k', and from the outside, 
a Of, which last pass forward and surround the entire hypoglossal 
nucleus, a' a a', a a a. Arrived at the front of this nucleus, 
several fasciculi leave these anterior marginal fibres, to pass more 
forward, and to betake themselves to the raphe, and to disperse 
throng it, a a a, a a a, passing in their course to it, with several 
windings, between longitudinal fasciculi situated here, by which they 
are separated from one another. Other fibres, derived from the acces- 
sory nucleus, continue to follow the course of the marginal fibres 
of the hypoglossal nucleus, and constitute the outside of these fibres. 

• Stilling, Med, Ohl, p. 57. 

t Bidder {Untertuchungen ueber den Textur dee Riiekenmarh, Leips. 1857, 
pi 97) tliinks that the posterior commissure consists wholly of connective 
ttenSf which I cannot admit. 
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On the front of the hypoglossal nndeus^ therefore^ marginal fibres 
exists derived from the outside of that nucleus^ a!^ k', i, a ; further- 
more^ fibres derived from the other nucleus^ but running more or 
less parallel to these on the opposite side^ to trav»*se the hypc^oasos 
and to be lost in the longitudinal bundles, k" V\ and, lastly, fibies 
from the outside of the accessory nucleus, which pass as extenud 
marginal fibres around those just described as belonging to the hy- 
poglossal nucleus, and with these repair to the raphe, a' of of, 
a a a. Lastly, there are on the inside some fibres from the hypo* 
glossus itself, which are lost in the nucleus, H' S. 

In a sufBciently clear preparation, however, we can, with the requi- 
site magnifying power, satisfy ourselves as to the course of these 
several fibres; the fibres of the hypoglossus lie, in fact^ rather 
more internally in the nucleus itself. 

In addition to these fibres, I found on the inside of the hypo- 
glossal nucleus, where the latter ap))ears somewhat darker, and 
seems to possess no ganglionic cells, as is indicated on one side in 
the figure, tliat some fibres radiate through this part of the nudeus^ 
some of which bend forwards and outwards, to be lost in the hypo- 
glossal nucleus, h**. Others make a curve in the opposite diiectkui, 
and pass into the nucleus of the accessory nerve at a, k. 

In sections taken higher up, the nucleus for the accessoiy and 
vagus nerves lies more on the outside of the hypoglossal nucleus, 
and in this situation the fibres proceed from the nucleus of the vagus 
in a mther straight direction in front of the hypoglossal nucleus to the 
adjoining nucleus of the vagus. The posterior marginal fibres run, 
then, quite behind the hypoglossal nucleus towards the posterior edge 
of the vagus nucleus, so that the hypoglossal nucleus is also bounded 
anteriorly and posteriorly by marginal fibres. Fig. 1, o, p, o, d, e. 

In lower sections, the accessory nucleus goes, on the contrary, 
still further inwards behind the hypoglossal nucleus, the cential 
canal becomes smaller, and passes more forwards, the hy{K)glossal 
nucleus is directed likewise at an acute angle more forwards and 
outwards, and now the marginal fibres of the accessory nudeus make 
along the entrance of the hypoglossus such an acute angle, that I 
was long under the incorrect impression that some marginal fibres 
derived from the accessory nucleus passed into the hypoglossus itself. 
Ilei)eated and accurate examination, however, of the calf, the as^s, 
the dog, the cat, and the paradoxurus musonga, have convinced me 
that this is not the case ; but that they all bend forward at an acute 
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angle in front of the hypoglossal nucleus, to betake themselves to 
the raphe, and afterwards to radiate again on the other side. 

While, however, the central canal passes more forwards, the 
fitfcicali derived from the inner and posterior side of the accessory 
nudens begin to pass behind the central canal to the other side, 
where they ran internally to the opposite hypoglossal nucleus, to be 
loot anteriorly among the longitudinal bundles of the medulla ob- 
longata. Here, theiefore, both before and behind the central canal, a 
decnasation takes place, which latter, however, is always smaller and 
more difficult to observe, and wherein transverse fibres also appear to 
be present, passing from one accessory or vagus nucleus to the other. 
See Fig. 2 d. 

On the outside, too, of the accessory nucleus, a somewhat 
different course is occasionally observed in these lower sections. 
Thos, some fibres from the accessory nucleus, do not here join the 
marginal fibres of the hypoglossal nucleus, but first pass outwards 
and forwards, and in their course make a much greater curve for- 
wards between the longitudinal fibres, wander over the hypoglossus, 
and repair to the raphe, in order to pass on the opposite side into the 
longitudinal fasciculi. These fibres quite agree with the semicircular 
fibres, delineated and described by Stilling in the medulla oblongata.'^ 

In following the course of these decussating fibres, which arise 
from the nuclei of the hypoglossal and accessory nerves, and are 
lost in the ascending or cerebral longitudinal bundles of the opposite 
side, I have no doubt that they are the conductors of the orders of 
OUT will from the brain ; that is, they run forwards between the lon- 
gitudinal fasciculi (which, as we have already seen,t derived from 
the brain, end here), to curve into these fibres, and so to accomplish 
the decussation. In the medulla oblongata, therefore, the same 
thing takes place as in the spinal cord; here, too, the nerves end in 
the anterior grey comua of their own side, whence marginal fibres 
and ladii pass outwards, and bend upwards into the longitudinal 
&acicnli,t decussating in the pyramids. These longitudinal bundles 
are likewise the conductors of the orders of our will, wiiich they have 
leoeived from the brain and probably from the corpora striata. The 
only difference, therefore, consists in this, that in the medulla ob- 

* StUling, Med. ObL, p. 20. Sec also my Fig. I, <>, «, fibres passing to 
the raphe between 6, c, 
t See above, p. 98. 
t See my Treatise on the Spinal Cord, p. 43, Fig. G. 
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longata the fibres from the nuclei decussate immediately^ while in the 
$pinal cord they first run upwards, each on its own side, to aocom- 
jdish the decussation in the corpora pyramidalia. To demonstnte 
this as pLiinly as possible^ I have — following up longitudinal sections 
I formerly made of the spinal cord in reference to the reflection of 
the longitudinal fibres* — endeavoured to prepare similar sections of 
the medulla oblongata, for which purpose, on account of the greater 
thickness of the individual filaments and the much larger size of the 
interspersed ganglionic cells, the medulla oblongata of a cow ap- 
})earetl to be the most suitable. A small portion of this is seen in 
Fig. 2 B, in a longitudinal section nearly parallel with the raphe, 
and on a level with, but anterior to, the hypoglossal nudeus. We 
here see the longitudinal bundles, a a, b, e, which, on a transverse 
section, appear as dark intervening spaces, passing in different di- 
nviions from above downwards, and interfaced in the moat varied 
manner. 

'riie dark spaces, i i, situated between these fasciculi^ are the 
flbne an*iformes cut across, passing to decussate in the raphe. 

Besides these bumlles, we see numerous multi-polar ganglionie 
cells, J, r,/, p, almost all of which appear to be connected with 
longitudinal fibres cur\*ing to assume a transverse direction ; while 
from their other side numerous transverse fibres radiate, but fiir the 
most i>art cannot be followed to any distance. A few longitudinal 
fibri's also assuino a transverse direction without intervening gan^a, 
i/, f', i/, b, 

Hi*ni*e it is suftioieutly endent, that many, and, probably, in my 
opinion, by far the greater number, if not all, the longitudinal fibres, 
derived from the brain bend in the medulla oblongata into transverse 
fibn»s. Many of these transverse fibres were directed forwards, others 
backwards, to pass over into the acct^ssory ganglia lying in front, 
or i)osteriorly to the raphe, to decuss;ite in the manner above 
described. 

In reference to this subject, I was struck with the fact, that the 
interspersed ganglionic cells were almost always situated close to, or 
between the tibne arciformes, which were here out across. It seems 
to me to be not unlikely that these ganglionic cells might also 
connect the ascending or cerebral longitudinal fasciculi with fibrse 
arciformes for lateral action or decussation ; yet I put this forward 
only as a conjecture to be verified by subsequent special investigations. 

• Treatite on the Spinal Cord, PI. II., Fig. 6. 
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That a decussation takes place between the hypoglossus and the 
brain has long been known^ &om numerous pathological observations 
of bemiplegia after apoplexy. The remarkable point, however, in this 
form of paralysis, which has given rise to many theories, consists in 
this, that the tip of the tongue is inclined to the paralyzed side of 
the body, as we should expect if the paralysis existed on the opposite 
aide, making it appear, in hemiplegia of th» right side of the body, 
that the action of the right side of the tongue drew the tip to 
the right from the opposite paralyzed side. This is, however, by no 
means the case : thus, if the left hypoglossal nerve be cut through, 
the tongue is inclined to the lefb side."^ Lallemand, who, in his 
excellent Recherche^ sur CEncephale, quotes many examples of 
paralysis of one half of the tongue, and obliquity of its point towards 
the paralyzed side, endeavours to explain the fact, by observing, 
that as the genioglossus of the healthy side protrudes the tongue, 
the latter must be inclined to the paralyzed side, on account 
of paralysis of the other genioglossus.f However, the tongue is 
often oblique, when it lies at rest in the mouth, without being 
protruded. 

Bidder attempts to account for this obliquity of the tongue by 
showing, that as one side of the os hyoides is drawn upwards, the 
bone must stand obliquely, and so communicate an oblique direction 
to the tongue.^ 

It is, in fact, not easy to explain this obliquity ; as we should 
expect, that especially the styloglossus, which runs along the outer 
edge of the tongue, and also the lingualis, should in hemiplegia, 
necessarily draw the tip of the organ to the sound side. 

But it appears, that the genioglossus, which passes from the 
superior genoid process of the under jaw obliquely upwards and out- 
wards to the tongue, in consequence of its oblique direction, draws 
the o^an in hemiplegia to the other side ; in addition to which, 
the transverse muscular fibres, which in hemiplegia can hardly be 
semi-paralyzed, are able to contribute their part towards drawing the 
paralyzed weaker side of the organ more into the middle, and so to 
cooperate in inclining the tongue. As the obliquity of the os hyoides 
is not always present, it appears to me that we cannot refer the 

• Panizza, Fersuche ueher die Ferrichtungen der Nerven, Erlangen, 1840, p. 
101. Bidder, Ferguche, in Miiller, Archiv, 1842, p. 110. 
1 1 Lallemand, Recherehei, Lettre 1, obs. 7, p. 23. 
t MuUeTy Arehivt Ic,^, 111. 



no DECUSSATION OF NERVES OF THE MEDULLA. 

inclination of the tip to it^ but the pandysds of the one hyc^ossns 
would occasion the other to draw the middle and posterior part of 
the tongue to the sound side, and so indirectly in connexion with 
the action of the genioglossus, to inflect the point of the organ 
towards the paralyzed side. But it is not always the case in hemi- 
plegia that the tongue is inclined to the paralyzed side, and thus 
the explanation is rendered still more difBicult.* 

Such a condition, I myself witnessed last autumn in the Meeren- 
berg Institution for the Insane, in an idiot with incomplete hemiplegia 
and atrophy, in whom I immediately recognised an analogous case to 
one I formerly described and delineated in the works of the Bojal 
Netherlands Institute.t 

The right forearm was in this instance about three inches shorter 
than the left, and was very much atrophied, while on the contrary, the 
head was greatly awry with atrophy of its opposite side, that is, of the 
left half, just as in the case formerly described by me, of which, at 
the time, I endeavoured to give a satisfactory explanation. 

On requesting the patient to put out his tongue, I saw to my 
surprise, that the tip was directed towards the left side;, that is, 
towards the sound half of the body, even when the oi^n was not 
protruded. The power of articulation, although interfered with, was 
not entirely lost. 

As I was on the point of leaving the Institution some new patients 
were brought in, and among them was a girl, in whom I immediately 
recognised a similar case ; but in this instance, the left foresum was 
atrophied, and was upwards of three inches shorter than the right, 
while the right side of the head was very much wasted, so that the 
inequality struck the eye at once. On examining the tongue, I found 
it likewise curved and lying obliquely in the mouth, but with the tip 
to the right side ; consequently, again in opposition to the paralyzed 

* See a case of this kind in Lallemand, Recherchet tur FEncephale, Lett. 
vii., p. 45. In this instance the paralysis was on the left, and the tongue 
was inclined to the right side. In irritation, too, the same side of the tongue 
and face may be affected ; as occurred, amongst others, in a case where the 
tongiie was, by spasms, rendered as hard as wood, and was drawn upwards 
and to the left side, while the mouth was also drawn to the left side. 
MedkO'Chirurgical Transactions, Vol. IV., p. 25. Also in Plliiger, Functionem 
(If 8 Hiickenmarksy Berlin, 1853, p. 84. 

t Case of atrophy of the left hemisphere of the brain. P'erhand, der 
Eerste KUtsse van het Kon, Ned. Inst, 3rd Series, Part V., 1852. 
Amsterdam. Sulpke. 



UNILATERAL ATROPHV OF THE BRATN. Ill 

hiilf of tUc body. The pamlvais was, howcvpr, in both coses inrom- | 
plrte, especially in the legs, the two pfttienla being able to walk ; 
bat it waH worse in one arm, which, in either instance, was lielcl in a 
curved posilion. I 

Tbe-se two cases having been accurately observed at the same time, 1 
uid exliibiting the atrophy in opposite sides of ibe body, were sufB- 
cient to show a manifest connexion between this affection and the I 
obliquity of the t«ngue. I 

1 believe, however, thnt we must seek another explanation of these I 
cases. Thus, in both instances, atrophy of Ihe one-half of ihe brain ex- 
isted, and on the opposite side from the atrophy of the body. In these 
cases, tflo, as I have mentioocd iu the communication quoted above, 
atrophy of the medulla oblongata was present, above the decussation 
OD the side of the atrophy of the brain ; below the decussation on the 
opposite side.* 

The hypoglossus, however, arises close to, or even above the decuasa- 
ticn, consequently from the part of the medulla oblongata where the 
atrophy still existed on the same side us that of the brain. In the case of 
•trophy of the right cerebral lobes, therefore, the hypoglossus of the 
right aide participated in the paralysis. Now, as the tongue is curved 
towards the side of the paralj^ed hypoglossus, it must inchnc to that 
of the atrophy of the brain, tliat is, to the side opposite to that on , 
wliich the atrophy of the body exists. 

However this may be, it is enough that in paralysis without 
atrophy, in conse<|nenee of an attack of hemiplegia, the point of the ' 
tongue is always turned to the paralyzed side, and that the paralysis I 
of the tongue is, in these cases, on the same side as that of the body; 
sniEciently proving that the orders of our wUl pass from the brain 
along decussating nerve-filaments, which quit* agrees with the resulta 
of my anatomical investigations. 

Finally, the transverse commissures, uniting the nuclei of the hypo- 
glossal and accessory nerves, on the floor of the fourth ventricle, will , 
contribute to the simultaneous bilateral effects, which are in so high | 
a degree peculiar to these nerves. Lastly, J found, iu some sections, 
behind the nuclei of the hypoglossal and vagus or accessory nerves, 
on tile floor of the fourth vcniricte, several sleniler longitudinal mi- 
nute fasciculi, which appear to connect these nuclei with parts 
siloAted higher up. 

VThal 1 have said of the vagus, accessory, and hj-poglossus, is also ■ 
^^^ • /. r., p. 6, Pi. II-, Fig. 3. J 
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truf of the glosso-ph-imigeal nerve. From it5 nnclens^ tikeme, 
fibri-!* Arise, which proceed to the raphe, and torn more or less for- 
ward^ to be lost in the longitadinal fasdcnli on the other side. Itifl^ 
lio .vovf-r^ very remarkable, that the trunk of the nerve, according to 
niv ribM;rvatiun in several preparations in man and acme animal.% as 
ill tlu* ass, pa:^s» through the middle of the trunk or root of the tn* 
K<-niinus. 

Fniin the foregoing, howe\er, it appears, that these maigiml 
fibrcM, which terminate in the nuclei of the nerves, and, after the 
fIrciiNMiition, pass upwards to the brain, are not peculiar to the motor 
iicrvrM. Thi'v occur also around the nucleus of the vagus and gksso- 
phiir)'iigi'U5i, nikd, as those are nerves of sensation or centripetal infla- 
vwvv, their in:irgiiud fibres must have similar functions; that is, thej 
iinint coitvc}' tht* impreii:^iun produced in the nuclei of the nerves to 
thr o|)|)(iMtti* Hiilt* of the bruin, so that a decussation accordingly takes 
pliicr in tlir acliuii of the nerves of sensation, as well as in those of 
iiitid'oii. 

Kniiii tItiH wc at once dearly perceive, that the ner\'es of aenatiaD 
do not thtMnHflvcN decussate, but terminate in nuclei on thdr oiwn 
Nide, uliile the iinprt'SMou produced in them is conveyed to the 
op)H)f(ite side. Tliis will, perhaps, be rendered still more apparent 
l)V ol)Hervinf( the course of the great root of the trigeminus, which 
indi.Hpiitablv (lesirends on the same side into the medulla oblongata, 
tunl, IIS we f*h:ill lureaftcr see, terminates on a level with the inferior 
nl^f of ilir rorpiiH olivare, or of the inferior radical filaments of the 
liV|»«»jifl«)M?«n?.. Thi?* is n fact so generally acknowledged, that no ana- 
fjinn.ii hiLs ever assi'.rted that the sensitive root of the trigeminus 
ilMc-lf HiiNi'M from tlie opposite* side of the medulla oblongata, since we 
ean, wilh f^real facility, trace it downwards along the same side. 

it if*, however, evident, that the sensitive influence must be con- 
veyed to thi' (jtlier si(h», just as occurs in the nerves of motion, as, 
otiicrwisc, no harmony could exist between the two sides. Indeed, 
ii-« i huvi' 11 1 ready else w lien* remarked, " if the nerves of sensiition pass 
dmrllv upwards alonj^ the posterior columns into the medulla ob- 
|iMi^rnt;», I he nervi's of sensation of the right side would, above the 
di ni .4:111011, lu' situated next the motor filaments of the left side, 
wliirh, II-. iM well kimwn, decussat^^ below the corpora pyramidalia, 
jiimI \\\\\-i ijir NcuNalions of tlie right arm would fall on the side of the 
iiH itniicnl to motion of tlie left, which must cause confusion."* The 

• r.sNnv on the Spinal Cord, p. 79. 
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also of the uerves of the medulla oblongata ; the senaa- 
tiona of the right lingualia would be situated on the same side as 
thi- condnctors of the orders of our will to the left bjpoglossus. 

Hence it appears, that the perception of aenaation cannot be 
tdtunted in the nuclei of the scnsorj nerves themselves, as those of the 
Tagu», glosso-pliaryDgeus, and trigeminn.? ; but that the impressions 
excited here must be conveved by other fibres, which, as we have seen, 
decu^Kite to the other side, and to a ptant or part which is, in fact, 
as vet unknown. As we have befwe remarked,* the medulla oblongata 
and some parts situated a little higher up, perhaps us far as, or even 
in, the tlialami oplici, whleh are, ns it were, the upper extremities of 
the posterior grey horns of the spinal cord, appear to be the seat of 
sensation, as the corpora quadrigemina are the seat of the perception 
of liglit. But the optic nerves present tliis exception to the others, 
thsi they themselves decussate, causing perception from the left eye 
to take place in the corpora quadrigemina of tlie right side ; so the 
rule holds good for both the nerves of motion and sensation, that 
CTeryirhere the seats of the impression of our will and of perception 
ate sitnalcd on the side opposite to the nerves. Where, liowever, 
tliia puiut of perception ia, we cannot venture to guess. 

I formerly supposed that the place of decussation of the nerves 
of sensation, should be situated in the medidla oblongata, t The ex- 
periments of Brown-Sequard have subsequently shown, that the de- 
cussation of sensation occurs in (he spinal cord itself, the right side 
of the cord being, for example, the conductor for the impression of 
the sensory nerves ramifj-ing in the left or opposite side of the body. J 
Through the kindness of my friend J, A. Fles, Lecturer at the 
Military Hospital in Utrecht, I have been able to convince myself 
of the correctness of this position, and have seen, that on cutting 
throngh the right half of the spinal cord of a goat, the left leg be- 
came dcivoid of feeling, and the right paralyzed as to motion, while 
a high degree of sensibility remained in the latter. 

Some have been inclined to infer from this, that the nerres of 
muation themselves decussate, and do not terminate on the same 
side, and Stilling says expressly, that a portion of the posterior 

* pHfC 93, noli t. 
t Essay on the Spinal Cord, p. 79. 

t E. Drown-Seqnard, Recherehei rrptrimnlalei tar la Iranimution df im- 
<prf»tioTt» inaitirfi Jant la Moelle fpinUrt. Gatritt Htbdom. de Mfd., 1B55, 
" , No«. 31, 36. 
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nerve-roots passes into the commissures,* and that they thus appear 
to decussate directly^ while this is said not to be the case with other 
sensory filaments. But as Stilling himself promises hereafter to oom« 
municate his ideas on the true origin of the nenres^t I will not dwell 
longer on the subject. 

From the great analogy^ however^ which exists between the sensi- 
tive nerves of the spinal cord and of the medulla oblongata, I think 
we must for the present infer^ that the nerves of sensation in the 
cord also arise from the ganglionic cells in the posterior grey oomuai 
whence, probably, filaments are derived, which decussate in the com- 
missures and pass farther upwards. Sueh a view would afford 
the best explanation of Brown-Sequard's experiments, and would 
reconcile them with the indisputable facts of the course of the 
sensory nerves in the medulla oblongata. Erom these experiments 
it would appear to follow as a necessary consequence, that the decussa- 
tion for the nerves of sensation takes place in the spinal cord, in the 
neighbourhood of the origin of the sensory root4 

As, however, the posterior grey comua, as I have observed in mj 
Essay on the Spinal Cord, pages 52 and 68, are much moiesleiider in 
the back and above the cervical bulb, and therefore contain a miQch 
smaller number of the fine ascending fibres than exist in the lumbar 
and cervical expansions, these fibres cannot, in my opinion, serve for 

* Stilling, NeM Untertuchungen ueber den Bau det RUekenmarki, Cassel, 
1S57, Part II., p. 265 C, pp. 268 et »eq. See also Part I., pp. 119, 131. 

f Stilling, L c. Part III., p. 628. I observed in one of my patients, 
that preflsure on the anterior surface of the left thigh, a hand's breadth 
above the knee, immediately excited a very painful sensation in the ankle 
of the right foot This would seem to indicate an intimate connexion be- 
tween the nerves of sensation of each side. The reflex action would, in 
this instance, however, take place, from the left crural nerve to the root of 
the right sciatic. The phenomenon has lasted many months. Pressure on the 
ankle, however, does not in return produce any pain in the thigh. 

X I readily admit, that in my former essay on the spinal cord, 1 may 
perhaps have erred in my theory of the sensitive nerves, and may have 
mistaken nerves of sensation for nerves of reflexion and vice vend, and that, 
therefore, probably the sensitive nerves are the transverse roots, and the 
reflex nerves the ascending filaments, which, according to Stilling (Neue 
Untenuchunfferif Part II., p. 265, and pp. 285, et seq.), are said again to turn 
towards the grey matter. As Bidder declares that he could not, after acareful 
examination, discover these ascending fibres of the posterior nerve-roots 
{Untersuchungen ueber die Textur deM Ruekenmarke, Leipzig, 1837, p- 89), I 
am glad to see my observations confirmed by so accurate an investigator 
as Stilling. 
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the conduction of perception; on the contrary^ while the proper 
sensory filaments appear to pass over into the ganglionic cells of the 
Bfinsl card, other conducting filaments spring &om this origin of 
llie nerves of sensation^ which^ as in the medulla oblongata, seem to 
pass to the opposite side^ to turn upwards into the posterior columns^ 
and so to convey the impression to the brain. Hence it also follows^ 
that we cause insensibility, according to the experiments of Brown- 
fleqnaid, by a longitudinal incision into the middle, or by destroying 
ilie grey matter. Brown*Sequard appears, however, not to have, 
in every instance, accurately distinguished reflex impressions &om 
the perception of feeling; 

If, however, we trace the mode in which, according to the experience of 
Lndwig Torek, degeneration advances in the spinal cord, tliat is, in com- 
preuion or any other morbid condition of the cord, the extension will be 
tomad to take place always in the posterior white columns above, and in 
the antedor beneath the scat of lesion (See Ludwig Torek in Froriep's 
NoiiMe% 1857, o. B. No. 9, p. 157), whence we most infer that the posterior 
eolumns exercise a centripetal infloence towards the brain, and the anterior 
a centrifogal infloence, and that, conseqoently, the posterior colomns are 
most elosely connected with sensation. I consider it impossible to attain 
to eertainty on this sobject by the performance of vivisections, and Brown^ 
Sequard*8 experiments do not appear to me to be in every instance satis* 
factory. 



i9 
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CHAPTEB IV. 

OK THB OUODI OP THB IfXRTXS FROM THE KEDULLA. OBLOHOATA. 

THS FACIAL HKEYS. 

AMOifO the neiret of the medulla oblongata there is probably not 
one the origin of which ia ao difficult to define with certainty as the 
filial nerve. 

In the human sabjeet, the course of this nerve is, as has been 
correctly shown by Stilling, very much curved or inclined downwards, 
just as is also the case with the abducent nerve.*^ It is very dear 
that both these nerves are pressed downwards in their coune 
through the medulla oblongata, in consequence of the great breadlh 
of the pons Varolii altering the transverse direction pecuhar 
to the other nerves of the medulla oblongata. In animals, how- 
ever, where the pons Varolii is narrower, these nerves maintain a 
straighter direction, and can, on a transverse section, easily be exposed 
throughout their whole transit ; on the other hand, in many ftnimala 
their course is inclined, more or less obliquely, forwards and down- 

wards.t 

This nerve is specially distinguished by a peculiar white tint of its 
fibres, which run very parallel to one another. It ia hence easily 
recognisable. In its course the trunk bends inwards in front of the 
fourth ventricle, and appears, after it has approached the floor of the 
latter, to run transversely inwards to the raphe, into which most of 
its fibres seem to pass,{ in order again to radiate forwards on the 
opposite side.§ 

In this course, however, along the floor of the fourth ventricle, 

♦ Stilling, Pofu Varolii, p. 154, Plate XVIII, Fig. 2, facialis, Fig. 1 , abducens. 

t In consequence of the greater thicknesss of this nerve in the larger 
animals, its entire course through the medulla oblongata is very beautifully 
and distinctly seen, even with the naked eye, especially in the calf, horse, 
and ass. Fig. 3, //, Fig. 4, ff, 

X Fig. S,//', d. See also Stilling, Pmu FaroUi, Plates III., IV., V. 

lFig.8,//,d;6.*A. 
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it exlttlnts many pecoliarities, still farther distingrushing it from 
other nores. 

Stilling observes^ and I have myself confirmed his statement^ that 
the tronk of the facial nerve is for the most part united into a single 
bscicnlus ; rarely do any filaments of longitudinal fibres intervene, 
in which case the nerve presents the appearance of consisting, more 
or less, of two divisions.''^ In its course through the medulla it is 
aitoated to the inside of the trigeminus, without decidedly mingling 
withit.t 

What Stilling remarks of the difference between the inferior and 
iqierior portions of the facial nerve, is, however, of great importance. 
Thus, while its lower parts terminate in a proper nucleus,^ the 
superior fibres exhibit a different relation. These latter appear to 
pass directly into the raphe, without being lost in the nucleus, and 
to decussate in it ; their farther course this writer could not dis- 
tmcUy trace. In their transit they enclose a bundle of longitudinal 
fibres, which Stilling considers to be a root of the trigeminus, the 
fbres of the facial nerve passmg anteriorly uid posteriorly aloBgthiB 
£wciculus.§ 

In still higher parts, according to the same author, we see no further 
trace of a nucleus ; but the fibres of the facial, in his opinion, bend 
downwards to pass into the nucleus situated inferiorly, while other 
fibres of the same pass through the raphe to the columns of the 
spinal cord, of which they are said to be prolongations, thus giving to 
the facial nerve a double origin. Stilling acknowledges, however, Ihat 
Hub would require to be confirmed by more accurate investigations. || 

Although I can yield a general assent to the description of the 

* Stilling, Pom Varolii^ p. 37. This is also in some measure represented 
in my Fig. 3. It occurs to a greater extent in the abducent nerve, Fig. 4, e,/. 

t Fig. 3, fft i ^1 Fig. 4,/, I, r. Stilling considers this part to be the 
continuation of the former gelatinous matter from the posterior horns of 
the spinal cord, and the adjoining posterior white columns, in which I 
cannot agree with this writer (/. e, p. 37}. I shall hereafter return to this 
robject more fully. 

t Stilling, Plates HI., VI., fi »' A, and my Fig. IV., //. 

I Stilling, L e. p. 37, Plate V., nna. See also my Fig. 3,//', d, b. We 
ihall hereafter see that this fasciculus of longitudinal fibres, which is 
enclosed by the trunk of the facial nerve at the fourth ventricle, has 
nothing in common with the trigeminus, but is one of the cut posterior 
roots of the auditory nerve. In the horse and ass, where these roots 
Follow a more obiiqfue course upwards, they seem not to decussate with 
&e facial. U ^ c. p. 38. 
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ooone of the bdal nenre given by SdUing, md thougli I also have, 
in most animaL?, met many cut fibres in the superior tracts of the 
nerve^ yet, in the horse and ass the individual fibres of the ftdal 
nerve, which is in these animala so Uir^ are so thick and plainly 
recognisable that> strange as it appeared to me^ and much as I fdt 
the difficulty of expkining the bict, I was compeUed to adopt the 
opinion, that many of its fibres run directly into the raphe;, without 
being interrupted by a nucleus. I have, however, at the same time 
observed, that in this course many isolated little ganglionic gioi^ 
and even separate ganglionic cells, were met with between the fibres 
of the nerve; sothat although I thought I could trace some of these 
fibres uninterruptedly into the raphe, I cannot state positively that I 
did so ; there can, however, I think, be no doubt> that all the fibres 
of the fsdal nerve do not arise firom one and the same ganglionic 
group ; whether it be that some fibres pass immediately throng the 
raphe to the other side, or arise from separate ganglionic cells. 

It is moreover remarkable that, at least in the ass, the trunk of 
the facial nerve passes through the middle of the great root dike 
trigeminus ; nevertheless, I have not succeeded in discovering say 
immediate connexion between these two nerves. 

The principal nucleus for the facial nerve, after having received 
on the outside many fibres from these nerves, gives ofi*, on the inner 
side, a nimiber of fibres, which, as we have seen in the nucleus of the 
hypoglossus, pass over into the raphe, to leave it again more ante- 
riorly.* It is, however, remarkable, that some fibres pass completely 
behind the raphe to the other side.f But the same is also the case with 
the superior portions of the facial, where no nucleus is any longer 
virible4 That these fibres do not — as Bidder, in his very recent work 
on the spinal cord,§ states respecting the posterior commissures — 
consist of connective tissue I have succeeded in determining with 
certainty in the horse, the ass, and other animals, as I could dis- 
tinctly trace them into the facial nerve. It is certain, that of all the 
nerves of the medulla oblongata, not one lias such an intimate con- 
nexion \ni\\ the nerve of the other side, whether directly, or indirectly 
through the intervention of ganglionic cells, as the facial. 

•Fig. 4,/, 6, c. fFig. 4, 6. : Fig. 3,6. 

I Bidder, Untertuchungen tuber die Textur des Biickenmarki, Leipzig, 
1857, pp. 47 and 95, No. 11. With reference also to the spinal cord itself; 
I can by no means admit this opinion of Bidder as to the presence of so 
much connective tissue. 
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If^ however, we reflect upon the ftmctioiis of the fiacial nenre, 
we cannot be so veiy much emrprised at the variety of its origin, 
and the close connexion between the nerve of the one side and that 
of the other. l%e fanction 9f the focial nerve is, for the most part, 
bilateml. We can, it Is true, move the mnscles of one side of the 
face more or less separately, but in aninuds this power, except in 
tiie movements of the ears and eyelids, appears to be almost entirely 
wanting. In teast, I very mnch doubt whether a dog, cat, horse or 
MB, possesses the power of drawing the mouth awry, of m9ving only 
one ala nasi, or of voluntarily shutting one eye closely, for which, 
even in a man, a certain amount of practice and exertion is re- 
quired.* 

But the fibres of the fEicial nerve which, without entering into the 
facial nucleus, pass immediately to the raphe, are proportionally much 
more numerous and considerable in the horse and ass than in man, 
or even than in the higher animals; while the proper nucleus is, on 
the contrary, much larger in man. Hence we may probably infer, 
that that portion of the facial nerve which arises from the nucleus, 
or perhaps, also, even from superior smaller nuclei and ganglionic cells, 
admits of movements more or less independent. As, however, a part 
of the nucleus appears to be united posteriorly, by means of transverse 
fibres, with the nucleus of the other side,t thdse parts alone of the 
facial nerve which arise from ganglionic cells, not immediately con- 
nected with those of the opposite side, should admit of a unilateral 
movement. And as these fasciculi of transverse fibres behind the raphe 
seem to be proportionally much larger in animals, particularly in 
the horse and the ass, and even in the dog and cat, than in man, while 
the proper nucleus for the facial nerve is smaller in animals, the uni- 
lateral action of the facial nerve should be much less in these ani- 
mals than in man. But the fibres which pass from the ganglion into 
the raphe, and radiate to the other side must — just as we have seen in 
the hypoglossal and accessory nerves — ^be considered as conductors of 
tiie orders of our will, so that a decussation takes place here also ; as 

* It is, however, remarkable, that in dogs and rabbits, when an object is 
approximated to the eye, nictitation of the eyelids takes place only on the 
one side, while in man the closing occurs in both eyes. But this closing 
of the eye is involmitary, and is not to be confounded with the voluntary 
action of the facial nerve. I shall hereafter endeavour to give an explana^ 
tlon of this phenomenon, which is produced by reflex action. 

t Fig. 3, * 6, Pig. 4,/, h. 
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it is known, tliat in paralysiB after apoplexy the side of the hce is 
paralyzed, which is opposite to the lesion of the biain.''^ 

Tbb nucleus of the taeial nerve is, however, connected with many 
other parts; in the first place, with the nucleus of the auditory norve^ 
subsequently with the great root of the trigeminus, and again with 
some remote ganglionic groups, to which the corpora^olivaria also be- 
long. But as the latter are very closely connected with the nucleus 
of the hypoglossal and accessory nerves, I will hereafter consider these 
more remote ganglia separately under the name of accessory gan^is, 
which exercise a more complicated reflex action on the nerves^ and 
shall confine myself, in this portion of the work, to the proximate 

* Almost all observations of paralysis of the face show that in hemi- 
plegia the facial nerve is paralysed on the side opposite to the lenon of 
the brain, causing die mouth to be drawn to the healthy side of the bo(^. 
Of this we find very many examples in, among others, Lallemand, Mt' 
cherckei nor CEmcepkale, In cases in which one side of the body is affected 
with rigidity, the mouth is drawn to the same or the affected side, in con* 
sequence of the facial nerve of that side acting more strongly. Paralysif 
of the side of the face opposite to that of the body, seems to be an ex- 
tremely rare occurrence. A short time ago, a very remarkable exampit 
of this lesion occurred to me, where the mouth was drawn very strong^ 
to the left side, in consequence of paralysis of the right facial nerve, so 
that the lids of the right eye could not be closed, and where a paralytie 
affection with partial insensibility of the left extremities existed. Here, 
therefore, the right facial nerve was paralyzed in opposition to the 
paralysis of the extremities ; in this case, too, the tongue was inclined to 
the right side. 

A remarkable case of paralysis of the face on the side opposite to that 
of the paralysis of the body, is to be found in Schmidt*s Jahrbuch, 1857, 
No. 3, p. 297. In this instance the right side of the body was paralyzed, 
and the mouth was drawn to the right ; the left eye could be only half 
closed ; on dissection, the cerebrum was found to be softened. In the pons 
Varolii, chiefly on the left side, was a reddish depressed spot, and a hard 
tumour of the size of a walnut, tapering backwards. The whole process 
had extended further in the left side of the pons than in the right In 
front of the pons, the membranes of the brain were thickened and adherent 
to one another, and in the left half they were attached to the grf>ove be- 
tween the pons and the left convolutions of the brain. The left nervus 
trigeminus was softened, the left facial nerve was normal. In this case 
there was, therefore, evidently paralysis of the right side of the body, with 
paralysis of the left facial nerve. 

The writer seeks the explanation and the seat of the disease in the 
pons, in which he thinks the facial nerve decussates. In man, the facial 
nerve, in consequence of its high course, and its oblique direction upwards, 
nuis partly through the pons Varolii. The opposition in the paralysis 
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origis of the nerves from their nuclei, anil the intimate couoexioua 
of these last with adjoining nervea. 

For these reasons, I now proceed to the anditory nervcj which 
Iwves the spinal cord close to the facial nerve. 



TBE AXlDITORlr NEaVE. 

la the medulla oblongata the two nerves, the facial and tbe audi- 
tory, are immediately separated from one another by the prolongation 
of the root of the trigeminus, which iasituated between the Iwo.* 
Ill order to observe this course of the auditory nerve, 1 should 

mast, therefore, be explained, in thin instance, by Ihe corpora pyrnmidalia 
beiug impsired in the pons above the decussation, tbe facial uerve below 
itB declusatioD ; whenee the author draws the cooclilBiuD, that this case at 
the aame time shona that tho facial nene decussates not partially, but 
perfectly, aa otherwise complete paralysis could not take plnce on the one 
nde; which, however, if the trunk of the facial nerve nna injnred, accord- 
ing lo hia opinion, in its passage (hrongh the medulla, would not be 
proved, an in that case, of course, only the one facial nerve could be 
panlyted. 

I believe that in this and the other canes, the irriter's cxptnnation is 
prMly nearly correct; that in to any, when the pons is affected on the left 
tide, the corpnra pyramidalia may at tbe same time be injured, producing 
paralyaia of the right side of the body, and of the left facial nerve, where 
it ruua through the inferior part of the puna. Such a crossing of paralysis 
■bonld, therefore, indicate that the seat of the disease is in the pons Varolii- 
Scc also Romberg, Lthrbuch der Nervenkrankktiltn, 1840, 1. B., p. 225. 
Wlkeibei, however, we may infer, that in hemiplegia, where the face is not 
affected, the aeat of leaion ia always below the facial nerve, I cannot say ; 
aa tfac libres from the brain, conveying the orders of our will to the facial 
ufVKC^ probably arise from a dilTcreot point in the brain or corpora striata, 
fmm those which conduct them along the corpora pyramidalia to Ihe 
cstremitiea, and whieh may, therefore, also be acparately aflecled. By 
accurate pathological observations and dissections alone shall we be able 
to discover these different points. 

It ia alao possible thai two distinct lesions may exist in the brain, one 
of which shall be situated on the side opposite to the other; that on the 
ona aide alfecliug the extremities, and that on the other the facial nerve 
and the tongue. See, further, a case of paralysis of the right half of the 
face, and of the left dide of the body, by Romberg, Lehrbuch, 1 B„ 3 Abth., 
pp. 808 el ifij. 

' Figs. 3 and 4, I I, between the auditory nerve, g, and the facial,/, 
which ifl erroneously designated by Stilling as getatinuujt matter, and pos- 
KWtiita column of the spinal cord. 
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particularly recommend the calf^ horse or ass, where the nene 
is very thick, and its origin extremely heantifiil and distinctly seen. 

The auditory nerve also belongs to the rather compound nerves. 
Its roots are generally known ; they proceed from the fontth 
ventricle, more or less obliquely outwards, to turn round the canpos 
restiforme, and so to pass over into the trunk of the nerve 
Stilling found near the point where these fibres emerge to constitnte 
the auditory, a j)eculiar group of ganglionic cells, which appor 
to be closely connected with them.* The nerve itself pene- 
trates obliquely between the corpus restiforme and the root of tte * 
trigeminus (Stilling's white posterior columns of the spinal cord), 
in somewhat of a curved form, towards the fourth ventride, firam 
which, however, as Stilling very justly observes^ it continues fuifher 
removed than the facial nerve, in the direction of the so-cilkd 
locus coeruleus^t in which he still distinguishes some divisions. 

It is particularly remarkable, that the fibres of the auditory nerve b 
by no means so close to one another as is the case with other nova; 
but that their fasciculi arc separated by several columns of longi- 
tudinal fibres, passing upwards between the filaments of the nan 
into more distinct fibres. J 

In no other case is it so easy to see the connexion between the fila- 
ments of the nerve and the ganglionic cells whence they arise. Una 
is particularly evident in the calf. These ganglionic cells are of tk 
largest kind, being plainly distinguishable even when magnified only 
eight or ten times,5 and with a magnifying power of 40 or 50 it can 
be satisfactorily sci'n, that the filaments of the auditory nerve aiiac 
from them. These cells are again connected with one another bj 
several filaments, and subsequently give off central filaments, passing 
to a group of ganglionic cells or nucleus situated more deeply 
near the fourth ventricle. || This nucleus, which is very distinct, 
particularly in the calf, consists of a number of ganglionic cells, be- 
tween which fibres run in all directions. In the first place, it receives 

• Stillinjr, PontVaroHi, pp. 28 and 1 62 et $eq., Platos L and I L, s, and p. 153. 

+ Stillinjr, /. c. p. 38, Plate I., /, w, n n, Platos II., III., IV., m iw, and 
Plate XVIII., Fijcs 13, 14, I.-), pp. 122 et irq. Sec also my Fig:. 4, g, A. 

: Fig- 4, 9 /'. Also Stillinjr. Plate II., m m". " § Fig. 4, g. 

II Fi?. 4, h. Stillinp has certainly not examined this origin of the audi- 
tory ncr^e from these ganglionic cells in the calf; as he considers it to be 
uncertain, /. c. p. 159, and even denies the existence of a distinct nucleus 
to the nerve, /. r. p. 158, 6, although he describes the connexion of very 
large gmnglionic cells with its fibres. 
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tlie fibres of the auditory iier?e ;"* next m nuniber of fibres, derived 
from the corpos restifarme and from the cerebellom^ spread through 
it^ exhibiting a peculiar waving curve, especially in the calf.f In 
other places these fibres run a straighter course from the cerebellum.:^ 
It appeared to me evident, that some fibres of the auditory nerve, 
arising from large ganglionic ceUs of the auditory, bend down trans- 
vendj into these fibres, and pass with them to the cerebellum.§ In 
aome sections I distinctly saw several large ganglionic cells^ perfectly 
nnifann with those of the trunk of the auditory nerve and connected 
with them, extending between these fibres which come from the cere- 
bsUiun; leaving no doubt that the auditory nerve is very closely 
oonnectedwith the cerebellum; the design and explanation of which 
connexion is, however, in my opinion, obscure. || 

It is known, that Foville has described a connexion between the 
auditory nerve and the flocculus.^ This connexion I have confirmed, 
and to it have attributed the peculiarly large size of the flocculus in 
the rodentia, which are possessed of acute hearing.^^ At the same time, 
I do not pretend to decide what part the cerebellum plays in the 
perception of sound ; on the contrary, I admit that the use of this 
ocmnexion is still unknown to me. 

In several preparations, especially those taken from the ass and 
aitg I satisfied myself, that between the auditory and trigeminal 
nerves, where the former encircles the trunk of the great root of the 
letter^ tiiere is a community of fibres, all of which possess ganglionic 
cells. I have endeavoured to exhibit this connexion in my drawing, 
Kg. 4j on the inside of the auditory nerve ^. 

On the other side of the nucleus (Fig. 4 i) a nimiber of large 
bundles of fibres radiate, which are, particularly in the calf, extra- 
CKdinarily large, and turn in the most beautiful manner round the 

• Fig. 4, /, A. t Fig. 4, f, k. 

t Stilling, Plates II., III.,//. I Fig. 4, i, ^. 

I In the ass, I found in the radiations of the auditory nerve, towards 
tlw cerebellmn, many ganglionic cells strongly tinged with pigment. In 
lower seetions, where the trunk of the auditory nerve is no longer visible, 
this nucleus is still present with radiations, towards the cerebellum, and 
at the same time large fasciculi pass hence towards the raphe. 

f Foville, Traili ewmplet de fAnatomie et PhyMogie dm Sy»t. Cerebr. Spi, 
Fkte IV., Fig. 3, o, A. PUte IV., Fig. 1, £ £, X. 

•• Reekerehei ^AnatmnU ComparSe tur le Genre Stenopt tTIUigery by J. L. C. 
Sehroeder van der Kolk and W. Vrolik, p. 33. In Bydragen toi de Dierkunde, 
poUished by Natura ArtU Magi$tra,D. I. Amsterdam, 1S48-1864. 
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loDgitudinal fasciculi^ passing as more or less divided fibxB arafinuM 
to the raphe, whither they run in a transrene direction, to leanite 
with other similar fibres from the other side, or to pass into theoL* 

Many of these fibre arciformes encircle the tmnk or root of the 
facial ner?e (Fig. 4, ff) in the most varied manner, and in aQiae 
places I thought I observed long fibres, assuming the course of Hb 
nerve, and passing with its fibres in the trunk peripherically ontwaidi. 
After repeated examinations, however, with stronger magnii^^ 
powers, I always succeeded in discovering, that although some of tlwK 
fibres are directed for a short space outwarda with the fibres of Ab 
facial nerve, a little further on they again leave this course to jm 
over into other fibree arciformes ; so that, notwithstanding the mamur 
in which they encircle the nerve, I was quite unable to satisfy mysdf 
of the existence of any direct connexion between them.f 

The case is, however, quite different with the nndeL From As 
same central nucleus, namely, that of the auditory nerve. Fig. 4 J^ 
many slight fibres pass to the nucleus of the facial nerve,} leaviig 
no doubt of a connexion between these two nuclei. . 

This connexion I consider to be extremely important. It indi- 
cates a reflex action or influence of the auditory nerve on some piiil 
of the facial. Of the existence of such an influence there is, in 
fact, no doubt. § The stapedius muscle receives a branch from 
the facial nerve, and it is certainly to be inferred, that strong impre^ 
sions on the auditory nerve, such as more or less acute or daS 
sounds, must exercise a reflex influence on the movements of the 
bones of the ear, and therefore also especially on the stapedius. 

The central connexion, whereby the auditory nerve most probably 
exercises a reflex action on the otic ganglioTi, and so by means of the 
tensor tympani on the tension of the membrana tympani, is more 
difficult of demonstration. This difficulty arises from the numerous 

• Fig 4, //, r/. 

t In the calf, these fibres are so distinct and large, that it is not difficult 
in many places to trace them unintemiptcdlv into and through the raphe. 
This proves the existence of an immediate connexion between the two 
auditory nuclei ; and thus, perhaps, the sympathy of the two nerves, and the 
occurrence of deafness in both ears, for example, in consequence of apo- 
plexy, which I have myself observed, may be explained. Perhaps it is 
also in consequence of this connexion, that with two ears we hear but a 
single sound. 

I Todd and Bowman, Pk^iUL AmU., vol II., p. 87. 
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^HRcHis of tliiB ganglioD with several nerves. The otio gangUoii 
IB, in fact, connected with the pterygoid, glosso-pharyngca! and facial 
nen'M, and the question therefore is — by what way does tbe reflex 
inpreasion probably p.w9 from the anditory nerve to this ganglion ? 
With respect to the pterygoid nerve, the intimate connexion between 
it and the otic ganglion appears to be not absolutely constant, and 
pi denied by aeveral investigators ;* by later writers, however, the mu- 
bial connexion of these parts has been admitted. But as the ptery- 
■□td nerve arises as a lateral branch uf the portio minor trigemini, 
from a central nucleus, situated considerably higher than the nucleus 
M the auditory nerve^t it would be nearly impossible, with any cer- 
^inCj, to trace anatomically the connexion between the two nerves j 
and for the same reason it is improbable that tbe reflex action should 
IbUaw t.his route. On the other hand,^the glosso-pharjngeal nerve 
prises much lower tlian Uie auditory, as ia p.irticularly well seen in 
Ike long medulla oblongata of the ass ; { so that neither is it very 
Btobable that a central connexion exists between these two nerree. 
There thus remains the connexion of the otic ganglion, by means of 
tile nervus petrosus super6cialis minor, with the knee-shaped curve 
if the facial nerve.^ Perhaps this connexion may also be nccom- 
^Ehcd through the chorda tvmpani, which is often, as I have 
jiyaelf observed, closely connected with the otic ganglion. Hence it 
^appear*, that this reflex action of the auditory nerve upon the otic 
l^glion and on the tensor tympani is most probably achieved 
tlnoagh the facial nerve along the central connexion 1 have described, 
which thus becomes still more important. 

.1 Uts, however, probable, that we ought to admit a still more ex- 
jleiistve reflex influence of the auditory nen'e from the facial, namely, 
Vk tbe motions of the ear. Although in animals, especially in the 
Borw, these movements of the ears are voluntary, yet we see the 
O^an 80 instantaneously directed to the side whence the sound ia 
keuti, that the action would seem to he not always entirely volun- 
hiy, bat rather reflex. Everything ia the body is so perfectly 

• MnUer and Meckel, Arch. 1832, p. 72. 

t SaUinf!, Pnni FaroUi, Pliile XXII., Pig. 3. 
|^8m mj Fig. 10, letters 8, 9. Tbe distanncB between these aeveml 
^^^B*VC here been accurateljr measured nnd represenicil. 
^^^^tin. Him and Nrrrcule/ire roii Sormmtring, p. 40';, Litt. X. 
^^^Umit. n Phs'- ''<' Sysf. nrrviux, t. II., p. 143. The laUer writer 
^^^Eneards tbb filrnncnt as the motgr root of the otic gongtion. 
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adapted and brought into hannonji that we moat, in hti, aaiigii ao 
smaU space to involuntary reflex actions. Thus, in terror we make a 
very rapid inspiration, raise the humerus from the body by the actioi 
of the deltoid, so as to be able, through the abdominal muadei^ to 
act with great power on the chest, which is drawn np, and to fix il^ 
and thus to use the pectoral muscles with greater force in oar 
defence. This also is an involuntary reflex action, prodnced lAoDf 
by the reflex influence of different nerves on various groups of gan^ 
bringing the body involuntarily into an attitude of aelf-defeass. 
Just so it appears to me that the motion of the ears in animals ii 
very often attributable to reflex action. In man, as ia weU-knowa, 
there is scarcely any movement of the ears ; but the reflex action of 
terror on the facial nerve, whereby even the frontal and oec^ilil 
muscles can be rendered extremely tense, and the hairfli, as we say, 
stand on end, has long since been, as well as the retention of the 
voice from rapid inspiration, graphically described by Virgil in thi 
well-known line — Steterumtque coma, vox /aucibui AatU, Besidei^ it 
is generally admitted that an unexpected sound terrifies' us mem 
violently than an unexpected sight. In violent terror, however, tk 
reflex action is not confined to the facial nerve, but the whole nezrov 
system is greatly affected ; in the first place, disturbances of the i»> 
spiratory organs come on, aphonia, and sometimes convulsions, wtiAf 
as they act bilaterally, as we shall hereafter see, originicte in the me* 
duUa oblongata. 

Under this more extensive influence and reflex action of the aO" 
ditory nerve, I would now bring the posterior roots, which run om 
the fourth ventricle, and of which I have already briefly spoken. 
Tliat these roots from the fourth ventricle aro connected, for 
the most part and often exclusively, witli Uie auditory nerve, and 
appear to pass immediately into it, is beyond all doubt ; yet I do nol 
believe that they are strictly to be included among its proper fila- 
ments. Sometimes they are even wanting, although hearing exists; 
as the learned Dr. Martini, director of the Institution for the Insane 
at Leubus, in Silesia, informed me he had unmistakably observed. 
Longet,* and J. F. Meckel,t and Proschaska,:^ quoted by him, 
testify the same. 

Sometimes these medullary striae are not all connected with the 

* Anatom, et Phy$iol. du Sy$t, Nerv,, t. 11., p. 83. 
t MHm. de CAead, des Sciemees de Berlin^ 1 765, p. 99. 
X DtStrueiura nervcrum FindobondPf 1779, p. 119. 



£FF£CT8 OF AN UNEXPECTED SOUND. 127 

aiiditorjr nerve itseli^^ as I also liaye seen ; moreover, they are liable 
ta very many Tarieties in eonrse, division, and thiokness ; in one deaf 
and dumb snbjeet, I scarcely found them ; in another, they were very 
fidly developed. In the dog, cat, rabbit, the paradoxnrus, and the 
oaviA oobaya, I found them very well developed, although in the ass 
and calf they were si»rcely to be seen. They run along the floor of 
khfi fourth ventricle obliquely upwards to the middle line, where they 
diMppear, Now, as we have seen that the origin of the nerves of 
nwiioii is ntoated-very near the middle line or raphe, but the nuclei 
qI the nerves of sensation, as the vagus, trigeminus, and the auditory 
nwe itself are situated more at the side, we cannot well suppose 
flmt the seat of hearing should be found exactly in the raphe, in 
wbich all the decussating filaments unite. 

But the groups of ganglia are important, which, according to 
Stilling^ are situated in these medullary strisB near their passage into 
the trunk of the auditory nerve.t Burdach, too, speaks of a ganglion, 
lying on the corpus geniculatum, and into which these stris are said 
to pass, t I also have met with this ganglion on the outside of the au- 
ditory nerve, and suspect that many filaments of the latter, which 
■we to produce reflex action, pass into it. Stilling thinks that these 
posterior roots cross in the raphe and pass to the other side, but he 
Ubnaelf considers this observation to be uncertain. § Neither have I 
noeeeded in tracing the course of these fibres further than the raphe. 
If, however, we bear in mind, as I have already remarked, the 
ainnig impression which an unexpected sound makes on the medulla 
ynftlut^ and through it on the whole muscular system, it appears to 
me that these fibres in the fourth yentricle, in consequence of their 
ooBnexion witii the auditory nerve, must be most useful as nerves 
oC xeflexion. When the mind, confused with terror, would not be in 
s condition to place the body rapidly in the best position for self- 
dsfionoe, this is accomplished precisely through these medullary strisB, 
wliicli convey the impression either into the raphe, where all the 
narvons filaments meet, and where the proper nodus vitalis is situated, 
or tbey decussate there to bend on ihe opposite side into longi- 
tudinal fibresi, which set the ganglionic groups in action, whence the 
movements of the abdomen, chest, and arms spring, which, as has 
been already explained, we involuntarily exert in terror. 

* See also Burdach, wnn Baue de$ OehirrUf 2 Band, p. 311. 

t Styling, Pom FaroUi, pp. 28 et $eq., Plate I., m, s, Plate If., x. 

t Burdacb, /. c. p. 84, 147, c. i L e. p. 28. 
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That witii oor two ean we hear but one soimd oannot, in my 
opinion, be due altogether to these medullary tltnm, but is rather the 
result of the connexion of the proper auditoiy ganglia through the 
stri» ardformes, which I have above described and delineated,* and 
of the simultaneous perception of sound. As I have already remaiked^f 
it is these posterior so<<»lled roots of the auditory nerve, ezhibitiiig 
themselves in transverse sections as dark, oblong, obliquely-divided 
meduUaiy fasciculi, which Stilling has incorrectly described as the 
constant and inconstant root of the trigeminu8.:t • Aooovding to mj 
observations, they are not at aU connected with the trigeniina8;§ ia 
the horse and in the ass I have in vain sought these ftscicuK in tha 
tract of the facial nerve, and in such animals these reflex roots of 
the auditory nerve do not ramify so much as in man. They are ef«n 
difficult to recognise, being formed by a thicker, toleraUy broad 
root^ which passes obliquely upwards. 



THB ABDUOBMT NSRVX. 

From the course and connexion of the nerves we have hitherto 
considered it appears, that all the nerves of the medulla oblongata 
decussate indirectly through the fibres which arise from their nudd, 
and, penetrating through the raphe, are lost on the opposite side, 
or rather, bend into the longitudinal fibres. On this account, the 
course of the abducent nerve, which appears to constitute an excep- 
tion in this respect, is the more remarkable, although I am not yet 
able to demonstrate its exact origin. 

Its course is in general very well shewn by Stilling. || This nerve 
perforates the medulla oblongata exactly in the same direction as the 

• PUte 4, A, d t Page 117, Note |. 

X Stilling, /. c. Plate 3, 4, a' of a". See my Fig. 3, tL 

§ If we compare the situation and height of these posterior reflex roots 
of the auditory nerve in Stilling^s excellent representations, Pons FaroHi, 
Plate XIX., Fig. 13-15, it will strike us that they^are situated exactly on a 
level with the facial nerve, and far beneath the root of the portio minor 
trigemini, which is much higher than the facial nerve, and, consequently, 
cannot be encircled by the latter, while the portio major trigemini, accord- 
ing to StiUing*s own drawings, is not situated so near the floor of the 
Fourth ventricle, but previously bends downwards. See especially L e. 
pigs. 15 and 16. 

II Stilling, L c. pp. 36 and 115, Plates III., IV., V., «, u\ 
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inferknly shuted hypoglossal nenre^ and is, as well as the facial 
neire in man, prewed obUqody downwaids by the broad pons 
Varolii** In animals, where the pons is nairower, the nerve runs 
transversely through the medulla, just as the roots of thehypoglossus 
do^ and by a section can very easily be exposed in its whole course.f 
.It ifl!, however, veiy remarkable that while all other nerves of the 
medolla oblongata bend inwards or towards the raphe, this nerve 
alone takes an oiqposite direction, and when it has approached the 
ibarth ventricle, curves outwards.:^ 

According to Stilling, the abducent nerve arises from the same 
andeiis, whence the facial nerve on the opposite side takes its origin.§ 
In bid, at the first glance it appears as if the former arose on the 
inside of the facial nucleus ; but I have ascertained on more accurate 
examination with higher magnifying powers, that this is not the 
ease; the truth is, the radical filaments of this nerve perforate the 
nucleus, to disappear on the other or posterior surface, on the floor of 
tiie fourth ventricle. || 

In higher sections also I succeeded, especially in the calf, horse 
and ass, in seeing that the fibres of the abducent nerve here pene- 
trate those of the facial, to terminate on the floor of the fourth 
▼entridcf I cannot, therefore, admit that the abducent nerve 
•takes its origin from the same nucleus whence the facial arises. 
Were this the case, it would, indeed, be very remarkable, that two 
aervea, arising from a common nucleus, should be so very distinct 

. • stilling, L e. Plate XVIII., Fig. 1. 

t My Fig. 4, e,f. 

t Pig. 4, e,f. Stilling, Plates III., IV., V. 

f Stilling, L e. pp. 36 et teq., and 153. 

n Fig. 4, e,/. I here found in several sections a thin layer of longitu- 
dinal fibres cut across, into which, in the ass, I distinctly saw filaments of 
the abducent nerve passing, after they had been pushed away by the 
facial nerve. 

f Fig. 3, tL In the rabbit, the silver-grey facial nerve, which is in this 
animal very thick, is very plainly distinguishable fi'om the rest of the 
tissue, and it appeared in one preparation distinctly to end in its nucleus. 
Some fibres of the abducent here very evidently cross the facial nerve, to 
pass to a rather considerable group of ganglionic cells, situated on the 
outside of the facial nerve. This appears to me to be, at least in part, the 
true origin of the abducent nerve ; the more so, as I have met with some- 
thing of the kind in the horse. The fibres of the abducent nerve, especially 
on its upper surface, become very much divided into numerous fasciculi, 
previously to its passage through the facial. 
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and without harmony in their action; while the connexion with the 
ocolo-motor nerve, which ia dtoated higher up, must be considered 
to be vezj intimate, aa one branch ct the ocnlo-motor, the intonal, 
always works together with the abducent of the opposite eje, and the 
motions of the muscles of the tact, through the hatl nerfe, are 
without any influence on the condition d the eyes. It even appean^ 
that Stilling himself has seen something of the kind, although he 
makes no mention of it, as in a longitudinal section he distiiicdy 
represents these fibres of the abducoit nerve perforatiBg the nu- 
cleus.* But with a sufBoient magnifying power it is evident, that 
these nervous filaments of the abducent by no means end in the 
nucleus of the tadal nerve; they all appear to be cut through in dif- 
ferent situations ; seeming to bend, and, in my opinion, upwards^ as 
they apparently pass over into longitudinal fasdcnli situated hoe, 
or rather, after an upward curve, into a nucleus of ganglionic gnmfB, 
placed externally and supmorly to the facial nerve, whence no 
fibres appear to pass towards the raphe ; this nucleus^ therefore;, does 
not participate .in the decussation. The foregoing seems to be, ia 
some measure, confirmed by the observations of Szokalski, who wit- 
nessed paralysis of the abducent in a man in consequence of a Uow 
on the occiput ; in this instance the roots of the abducent were found 
very much thickened and devdoped, and could be traced through 
the pons dividing into several fasciculi. Szokalski, thought he saw 
a decussation of one fasciculus, which I very much doubt; but the 
others curved upwards.f He thinks, in consequence of his investi- 
gations, that the abducent nerve is connected with the cerebrum, the 
tubercula quadrigemina, and the cerebellum, whence he endeavours 
to explain the antagonistic action with the musculus rectus intemus4 

But as these investigations are not microscopic, and the nervous 
filaments appear to have been traced only with the knife, they are not 
conclusive, as it is impossible to follow the minute fasciculi of such a 
nerve in the peculiarities of its origin with the naked eye, unless 
they are rendered more or less distinct through morbid degeneration, 
and have thus become capable of being traced. 

If, however, we consider the intimate relation between the abdu- 
cent and the oculo-motor nerves, it will be at once apparent, that 

* L c, Plate XIII., and Diagram XXII., Fig. 1, m, h. In the diagram, 
these perforating fibres are not given. 

t Szokalski, Ueber tke CerehraUtorungen der OenehUfunetionen, in Proffer 
Fierteljahrtchrift, 1854, I B., p. 88. X L c. pp. 89 et $eq. 
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there mnst be a close connexion between them. The (Bct that we 
cannot move the rectus extemns muscle without at the same time 
bringing into action the intemus at the other side, is strongly con- 
firmatorjr of the view that the abducent bends upwards, and so enters 
into a dose connexion with the higher-situated nucleus of the oculo« 
motor nerve.* 

It appears to me to be very important in reference to this point, 
that the abducent, in opposition to the other nerves of the spinal 
oord^ a litde in front of the floor of the fourth ventricle, turns out- 
wardsy and therefpre from the raphe; whence it would appear, that 
this nerve does not decussate, especially as the nudeus, in which we 
consider the abducent to terminate, is thus placed further from the 
raphe, and appears to give no fibres to the latter. Should this last point 
be confinned by subsequent investigations, and should it, therefore, 
appear that the right abducent nerve passing upwards is connected 
with the fibres from the brain, which stimulate the left nucleus of 
the oeolo-motor nerve after decussation, and whence the abducent 
nerve of the left eye arises — ^we should immediately be able to ex- 
plain, in a simple manner, the antagonism between these musdes of 
the eye; since, in that case, the same stimulus should simultaneously 
faring into action the left internal and the right abducent musdes, 
and vice 9end,f This is, however, merdy a conjecture. 

* In this respect, perhaps, the longitudinal tract, which is very beau- 
tifUQy represented by Stilling, and wluch appears partly to connect the 
origin of the abducent with the nnclens of the oculo-motor, although this 
office is not attribnted to it by that writer, deserves a closer examination. 
See Plate XIII. in the diagram, Plate XXII., A, « e'y H. That this fasci- 
colas, however, is partly lost in the nucleus of the oculo-motor nerve, is 
distinctly stated by Stilling, /. c. pp. 1 07 and ] 74. 

t As the nucleus of the oculo-motor nerve, which is very well represented 
by Stilling, is situated so near the mesian line that their parts are nearly 
coiiflaent(see Stilling, I. e. Plate XL), while it is surrounded by longitudinal 
fasciculi, which appear to be connected with it and to penetrate the nuclei, — 
we can very easily imagine such a connexion between these nerves. I 
have also found this nudeus in several sections, as it is represented by 
Stilling ; yet I do not wish to go beyond the medulla oblongata, which in 
itsdf presents so rich a field for observation, and I therefore leave this 
important point to the investigations of others. 
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THE FXTTH KEBYE (tKIOEMINUS) . 

Of all the nerves^ this is, perhaps^ on account of its numerous 
voluntary and involuntary functions, and of its extensive distribution 
(being most closely connected with all the senses), the nerve, the 
origin of which is most important, and at the same time most diffi- 
cult to explain. 

There has been much controversy as to its various origins ; I do 
not intend^ however, to enter into an historical account of the several 
opinions in reference to this point.''^ Let it suffice to remember, 
that this nerve is doable, consisting of a thicker sensitive part, and 
a portion which, as a motor nerve, forms a slighter trunk, and sup- 
plies the masticating muscles. Longet very accurately delineates 
the root of the sensory nerve, which penetrates the pons Yaiolii 
on the outside of the corpus olivare and the inside of the corpus 
restiforme in the medulla oblongata, and then passes to the inferi<» 
edge of the corpus olivare.t The origin of the lesser root, however, 
he did not profess to give with certainty. According to Foville, this 
nclrve is also connected with the cerebellum4 StiUing is uncom- 
monly diffuse in his description of ihe central origin of the 
trigeminal nerve.§ Of the portio major alone he describes not less 
than six different points of origin, || advancing the singular idea, that 
the previously white posterior columns of the spinal cord pass un- 
interruptedly into the portio major of this nerve.1[ In other respects, 
Stilling gives a very clear delineation of the origin and course of the 
nerve.** 

Of these drawings I can in general speak very favourably ; the 

* See the earlier opinions in Burdach, Ueber dot Gehim, 2 Theil» 
CLXXIIL, Note, 

t Longet, Anat. et Phyi. du SyU. Nerveux, t IL, pp. 95 et teq., Plate 
L, Fig. 9, C. D. 

: Foville, Traits compL, etc., Plate V., Fig. 4, H H'. He delineates the 
origin of the great as well as of the lesser root ; Plate II., Fig. 3, R R, the 
great, and H' the lesser root. The latter, however, appears to me to he 
inaccurate. 

§ Poru Varolii, pp. 120-134. |1 /. c. p. 155. 

II /. c. p. 45, No. C. Stilling thinks he has found in this passage of the 
posterior columns of the spinal cord into the root of the trigeminus, the 
foundation of a new physiology of the nerves, which I, however, suspect 
he has since abandoned. See, further, his work, pp. 51, 130, 145. 

•• Plate XIX., Fig. 13-16, Plate XVIL, in a longitudinal section; Plates 
XV. and XVL, section made in an oblique direction. 
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PORTIO MAJOR OF THE FIFTH. 

portio loinor leaves the portio major in front of the fourth ventricle 
parsing inwards towards the raphe, whither we have seen that all the 
motor nerves were directed, and where there ia also a oentraJ nnclens ; 
thi^ appears to me to be in many places confounded by StiUing vHIl 
the posterior reflex root of the aaditoir nene above dcscril 
Beuce, too, fibres pass into the raphe, so that these also, as Stilling 
correctly observes, decussate.* These are, as I have shown of the 
otJver motor nerves, not fibres of the trigeminus itself, but fibres pass- 
ing from its nucleus through the raphe to the other side, there to bend 
into the longitudinal fasciculi, as conductors of the orders of our 

The portio major, however, deviates in its course from that of 
other nerves. Thus the Other nerves, as we have seen, pass 
Tersely or in a somewhat oblique direction upwards through 
medulla ; the portio major inclines downwards.t 

I have particularly studied the course of the portio major in 
series of consecutive transverse sections in man and several aninii 
beginning at its I'lit from the pons Varolii. From these invi 
tioua it appeared to me, that this part in its course downwards 
near the inferior boundaij of the corpus olivare where it terminates, 
undergoes many changes, which, although important, would lead 
me too far, and would require a considerable number of drawings, 
were I to enter into all particulars relating to them. 

Let it therffore be sufficient to state the principal changes 
this great root of the trigeminus undergoes in its passage throi 
the m^ulla oblongata, and to mention its various connexions with 
the adjoining nerves. 

In the upper piirts, immediately below where it emerges from the 
pons Varolii, it exfiibits on a transverse section fibres running 
inwards or backwards, which again pass in part outwards towards 
the oerebfUum. A little lower down these fibres begin, iu conse- 
quence of the interposition of groups of nuclei and gimglionic cells, 
to asetume a less regular course, and to spread out laterally; this is 
pnrlicularly the case a little above the origin of the auditory nerve ; 
ita tmnl is everywhere surrounded by marginal fibres, definitely 
separating it on the outer surface from the neighbouring parts.J 
These ganglionic groups increase in number, and, at the same time, 
strong and thick fasciculi of longitudinal fibres form, especially on the 
oater and anterior edge, exhibiting themselves as dark spots. Soon, we 

• Stilling, Plate XV., t. t. a' o, p. 123. 
I. + Stilling, Plate XIX., Fig. 13-10. Plate XVII., Foville, i. c. Plate II., 

[.0; Longet, /. e. Plate I„ Fig. 9. I Fig. A, I. r. 
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disooTer, to the inside of the tnmk of the trigeininn«, the fiist 
bundles of white, sQver^rey fibres of the iacial nerve. This is most 
evident in miibmJs, andl haveaccordin^yin this description followed 
the conne of the trigenunns, chiefly in the ass and calf. 

The auditory nerve now jdaces itself on Ibe outsidey and enters 
into connexions with the trunk of the trigeminus, while the gan* 
glionic groi^M in this last nerve become more distinctly separate,''^ 
and towards the fourth ventricle forms radiationsygiving off very many 
filaments to the nudens of the auditory nervcf In like manner it 
also sends, as I could see very beautifoUy, particularly in some prepara- 
tions from the ass, filaments to the nucleus of the facial, which run 
along this nerve. Especially in the ass, the root of the facial is 
dearly seen to run nearly through the middle of the trigeminus. No 
connecting fibres are, however, visible between the two nerves : the 
bcial appears simply to perforate the trigeminus. Nearer the fourth 
ventride fibres from the trunk of the trigeminus again perforate the 
trunk of the facial nerve to pass to the raphe, while other fibres from 
the trigeminus pass into the facial nudeus. 

In the lower divisions we constantly see numerous thick fibres 
passing in a very beautifully curved course, through the trunk of the 
nucleus of the trigeminus. 

The nerve likewise gives ofiT a number of fibres to the nucleus of 
the glosso-pharyngeal, which in the ass and some other animals also 
runs through the middle of the trigeminus, just as the facial nerve 
does. Its connexion with the nucleus of the vagus is still more 
intimate, several thick fasciculi of fibres passing from the latter 
through the middle of the trunk of the trigeminus, and being partly lost 
there, while, in part, they pass through it and cross into the exterior 
marginal fibres. Here the ganglionic mass of the trigeminus, which 
is constantly renewed by the appearance of fresh groups of nuclei, 
passes more and more backwards and inwards towards the nucleus of 
the vagus, seeming ready to unite with it.j; Similar connexions also take 
place, although in a less marked degree, between the trigeminus, and 
the nucleus of the accessory nerve. With respect to the ntfcleus of 
the hypoglossus, its connexion with the inferior part of the trige- 

* Fig. 4, g, I, In the ass, I found these ganglionic cells tinged with 
pigment. Long after the auditory nerve has disappeared in the successive 
sections, we see these ganglia behind the root of the trigeminus also 
connected with the corpus restiforme. 

f Fig. 4, in the course from / to m, 

J Fig. 1, ^, D,/. Fig. 12, D, ^f. 



^4th the Fadil Z^erre and Corpora Oliraria Sapoiora, in the Cat. 
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c V f. Tibrm from thii B»::leQS, vhkh put maom to the other aie 

y: BWod-ief I m the norm of the £mu1 nerre. vhoee fibres 



^^ S<oot of tte nerms tzigcmimuy vheaoe aameroos fior* wnsdanum RfMur to **»» 

A. Two teaeali of the •K4» |<^«t nerre, tiie eeninl termfmtMB of vhidu m traat of 
the freul mdeos ^. » not viable. 

I, *. Sapefior corpora oKraria, with nnzMroos marKiaal fibrea, vhich. partlj from 
jl^ paMintother^he tonnitethe tvoeorporaoliTaria. Other eentral fibrea p«as 
feHB theac corpira oliTaria to the Avletu of the f^ial nenne. They w Baeh 
more derdoped and larger than the tame corpora olirarift aiqwriora in the calf; 
Fig. 4,^9. At it we aee the corpora pyr awidali a , which are here maeh largq- 
thiA in the calf. Fig. 4, «. 

Kg. 12. TransTcrse Section of the Medulla Oblongata in a Cat, at 
the lerel of the Corpora Oliraria Inferiora. 

A,B,C,D. Mednlk <«<«geta, eMterMflj aod arterioriy aoiroinidBd with marg^ 
fibrea. 

•,6, c. R^»he. m_j.- 

d. Nucleiuof the hjpogloeaiia, into which thia nerrepMMa by different roota. A, 

#. Nadeu of the Tagna, and dark longitodinal handle of fibrea from the lateral 

ckAuibdm of the mednlla. 
t /. Corpne reatiibmie and root of the trigeminna. From • many fibre araformea 
' ariae, which pa« partly thfoni^ the corpora oliTaria, and proceed thnragh the 
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minui appeared to me to be more doobtful^ although here and there 
fibres from the trigeminiia also seem to pass^ chiefly on the fronts 
through the trunk of the vagus to the nucleus of the hjpoglossus. 
The trigeminus^ however^ is particularly connected with a bundle of 
longitudinal fibres^ exhibiting itself on the first appearance of the 
nucleus of the vagus and its trunk; on which subject I shall here- 
after speak more folly. 

Besides these connexions with the nuclei rff all the nerves of the 
medulla oblongata, the trunk of the trigeminus is likewise closely 
connected with the accessory ganglia and the corpora olivaria^ as I 
shall subsequently show. In its course under the auditory nerve, the 
corpus restifixrme lies to the outside of the trunk of the trigeminus, 
and trom tins many very beautiftilly curved fasciculi commence to 
perforate the latter towards the front, to pass as fibree arciformes in a 
curve forwards and inwards to the raphe, in which course thqr 
radiate with a great number of fibrous bundles through the corpora 
olivaria, especially in the posterior parts.''^ These fibres arciformes 
arise in great part from the corpus restiforme, but here and there 
partly from the trunk of the trigeminus itself. 

At the inferior part of this root of the trigeminus, it coalesces 
more with the corpus restiforme, while its own fasciculi becoming 
more and more divided, appear to dissolve into little ganglionic 
groups, and to be lost in the lateral radiations. It begins, united to 
the corpus restiforme, to turn more backwards, and the separate 
groups of grey matter, enveloped in and perforated by numerous 
transverse fibres, finally give way to the posterior grey horns or gela- 
tinous matter, on which account Stilling thinks that they pass 
uninterruptedly into the trigeminus, though this appears to me to be 
very improbable. 

After this brief sketch, which comprises only the general points, 
attention to the course of the nerve will show, that in this great 
root of die trigeminus new ganglionic groups arise, wherever fresh 
radiations are formed, or new connexions with the successive 
nervous nuclei of the medulla oblongata are established, a state of 
things which would appear to indicate separate actions and distinct 
reflex fimctions.t 

•Fig.l,m,iiii,Af,*. Fig.lhg.h. Fig. 12, t, ^ J. 

1 1 have not been able to discover any connexions between the trige- 
minus and die abducent nerve; but neither am I aware of any reflex 
phenomena of the trigeminus on the abducent 
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If we now examine the influence of the trigeminus on the other 
nerves, we shall discover in its functions a full explanation of the 
connexions I have described. The trigeminus is, in fiact^ the reflex 
nerve par excelletieej for stimuli, applied to its different branches, 
everywhei^B give rise to reflex phenomena in the neighbouring nerves. 
That the trigeminus forms connexions with the nucleus of the facial 
nerve maj be inferred, h priori, as every irritation of the face, for 
example, in pain, immediately produces a r^ex action in the muscles 
of the face, betraying an intimate connexion between the facial nerve 
and the trigeminus. What use there is in the connexion betwe^ 
this last nerve and the auditory, I cannot clearly see ; we know too 
little of the action of the bones of the ear and of hearing itself to 
explain it. It is scarcely necessary to dwell upon the use of the con- 
nexions of the trigeminus, considered as a r^ex nerve, with the 
glosso-pharyngeal, vagus, accessory, and hypoglossal nerves in 
swallowing, inspiration, coughing, and sneezing. I shall hereafter 
return to this point. 

These connexions, are, however, sufficient to explain the peculiar 
course of this root of the trigeminus, which alone of all the nerves 
extends from above downwards through the medulla oblongata. Its 
downward direction, in fact, enables it to form reflex connexions 
successively with all the nerves of the medulla oblongata, according 
as it approaches the level of their nuclei.* 

Finally, I think it a very important fact, that, as a general rule, in 
every place where fibres are given off, performing any special function, 
such as reflex action, fresh groups of ganglionic cells invariably ap- 
pear, giving origin to these fibres. We have, for example, seen this 
above ; where the posterior roots of the auditory nerve, which seem to 
have a reflex action, pass from the outside into the fourth ventricle, 
there is a ganglionic group. This is again always the case, where 
the trigeminus enters into new combinations ; indeed, even the corpus 
restiforme exhibits a great number of ganglionic cells, where the 
principal fibrse arcifonnes arise from these bodies, to pass in a curve 
through the trigeminus to the raphe. These cells I have in the ass 
found very beautifully tinged with pigment.t If we follow up this 

• As I have above remarked, the abducent, which lies more remote from 
the trigeminus, and probably arises higher up, appears to make an excep- 
tion to this rule. 

t Perhaps this ass was an old animal, as the pigment in the ganglionic 
cells increases with age. 



IMPORTANCE OF THE GANGLIONIC CELLS. 137 

idea, I believe that it is capable of veiy great extension^ and that it 
will afford an explanation of many phenomena* Indeed, if we 
assume it as a general rule, that in the nervous system where- 
ever a particular action is to be excited through nervous filaments, 
special ganglionic cells are required, producing the peculiar nervous 
action, we shall find but few exceptions to the rule. 

Thus it is, for example, known, that the staff-like bodies in the 
retina are sensitive to light, but not the nerve-fibres themselves. 
The peculiar action in these staff-like bodies appears, when excited, 
to be conmiunicated to the nervous filaments of the retina through 
ganj^ionic cells placed in the junction between the two.''^ The nervous 
filaments of the optic nerve at their central termination, again pass 
into nuclei, whence further filaments take on themselves the distri- 
bution of the sensation to the brain. 

The same appears to be true of the cells discovered by Corti in the 
cochlea of the ear, which are affected by the vibrations of sound, and, 
according to KoUiker's discovery, communicate their action to 
gang^onic cells,t with which the auditory nerve, in its ultimate fila- 
ments, is provided. This, appears to be quite confirmed by the 
discoveries of Ecker in reference to the olfactory nerve, which ter- 
minates in ganglionic cells, wherewith the epithelial cells of the mucous 
membrane of the upper nares are apparently connected through 
slender filaments.^ Both nerves also have central ganglia, whence 
the cerebral fibres arise, which convey to the brain the impressions 
they have received. 

In like manner, the orders of our will do not pass directly into the 
motor nerves, but into ganglionic cells, whence the peripheric action 
arises for the movements of the muscles. 

Greater difficulty appears, at first sight, to be connected with this 
subject in reference to the nerves of sensation. This is, however, not 
really the case. Indeed, according to the recent investigations of 
Wagner and Meisner, the cutaneous nerves appear to end in the 
tactile papilks and in vesicles filled with granular matter,§ again 

* See particularly J. C. Miiller, Anat. phytiol, Uniertuchunpen ueher die 
BeUmOj Leipzig, 1856. 

t RoUiker, Ueber die letxte Eindigungen det Nervue cochlea und die 
Ikmetiomen der Sehnecke. Gluckwuntche an Tiedemann. Wurzburg, 1854. 

} Ecker, Ueher doe Epithelium der Riechtchleimhaut^ and Berichte ueber die 
FtrkamdL d. GeseUteh^ «i Freybiirg, Nov. 1855. Plate IV. 

I Wagner, Nerv. Unters. p. 133. Funk, Phytiol 2* Lief. p. 584. 
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atemgly veBemfaling ganj^onic odla» thiotigli whidi the senattkyn^ 
not only of wannth and coldj but also of tho tactile propcrtiea of 
bodies^ is excited. It appears also from the experiments of Weber 
and others^ that the tmnks or branches of the sensitiTe nenres, tat 
example when the skin is removed, give no sensation of wannth or 
cold, nor the peculiar tactile peroqptions, but only a feeling of pain. 
As we may, therefore, yssome the existence of ganj^onic cdOs in the 
tactile ptpiUtt of theskin, which appears to me veij probable indeed, 
we may regard these as pecoliar galvanic batteries, exciting a qpecial 
action in the sensitive nerve. Farther, we should not, in reference 
to this point, oveilook the feet, that in the tmnks of these sensitive 
nerves ganglia are everywhere placed befrae their entrance into the 
qpinal cord, so that every sensitive filament appears in its course to 
pass through a ganglionic cell. These cells must also exercise apecu- 
liar action on the nervous filaments, as they all appear to be bipolar, 
and therefore scarcely enter into connexion with other filaments. 

Further, I consider the feet to be of great importance, that 
the ganglionic cells for the several nerves also vary among tiiem- 
selves in form and size. Hius, the ceUs of the hypoglossus are difier- 
ent from those of the accessory nerve, and the latter from those of 
the auditory, the vagus, the trigeminus, the retina, the nervus ooch- 
learis, &c. Again, they are quite different in the corpora olivariaand 
in the cortical matter of the cerebellum, and these again differ 
from those of the cerebrum.* 

From all this we may infer, that the ganglionic cells are peculiar 
nervous workshops or batteries, which, through an electric excitation 
of the nerves, produce a peculiar current in the nervous filaments 

* Jacnbowitsch distinguishes only three sorts of cells : 1, large multi- 
polar cells, named by him motor cells, with from one to eight filaments ; 
2, sensory cells, which are smaller, with generally three, and at most four, 
filaments ; and S, sympathetic cells, which are still smaller. Mittheilungen 
ueber die feinere Structur det Gehirru und Riickenmarki, Breslau, 1S57, pp. 
2 et teq. According to him, the motor cells are almost entirely wanting 
in the medulla oblongata, /. c. p. 41. The nuclei, however, of the hypo- 
glossal, accessory, and facial nerves show, that motor cells are really 
present in that part, and, therefore, his distinction is not correct, although 
the cells in these nuclei are somewhat smaller than those in the anterior 
horns of the spinal cord. But the cells in the nuclei of the auditory 
nerve are again much larger, and in form are more like his motor cells, 
although they exercise quite a different function. His physiological dis- 
tinction, to which, however, he does not strictly adhere, L c, p. 2, appears 
to me to be incorrect. 
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themsdves, by wliich their specific action is performed. I shall 
again letom to this idea. 

It .remains to speak of the fibrse arciformes^ and of the radiating 
fibres which occur in the medulla oblongata in such considerable 
number; but as these appear to have more relation to the mutual 
connexion between different parts of this organ and not to belong to 
any particular nerve, we shall be better able to explainthem when we 
hacve flnt traced the aevcfal ganglionic groupsi whence nerves do not 
directly anae, but which we regard as auxiliary organs for producing 
a combined action of many nerves of the medulla oblongata. 
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CHAPTEE V. 

OK THB A0CB88OET OAKOIJA IN THB UDULLA. OBLONOAXA. 

In my consideration of Uie medulla oblongata I have confined mysdf 
chiefly to the longitndinal fibres which arise in it & novo, posterior to 
the corpora pyramidalia and which proceed to the brain^ as well as 
to the origin of the nenres from the organ in qnestion^ and to 
the manner in which decussation is produced^ not ihroogh the 
tronks of the nerves themsdyesy but through the conducting fila- 
ments arising from the ganglionic nucleii and passing to the other 
side, to turn into the longitudinal fasciculi. 

I have, however, designedly been silent as to the iiumerous gan- 
glionic groups occurring in the medulla oblongata. Among these 
the well-known corpora olivaria occupy the first place ; yet, besides 
them, most nerves have also special ganglionic groups very closely 
connected by means of a great number of fibres with the nuclei 
whence they arise, and thus, probably, exercising a more or less 
extensive influence on their mode of action. These groups of gan- 
glionic cells exhibit themselves for the most part in sections taken 
before the trunk/)f the nerve to which they belong is visible, and give 
very many connecting filaments to the nucleus whence the nerve 
arises. 

This is particularly the case with the facial and glosso-pharyngeal 
nerves. Some time after the trunk of the nerve to which they are related 
has disappeared in the successive sections, these ganglionic groups are 
also lost, in order subsequently in their turn to make way for others. 
Such a special ganglionic group is seen in my rig.% o, already di- 
viding into two parts, situated on the inside of the facial nerve, and 
containing very many large ganglionic cells. The most important, 
however, of all are the corpora olivaria, with the consideration of 
which we shall, in the first place, occupy ourselves. 

The corpora olivaria are, as has already been remarked, two wholly 
new bodies, occurring, for the first time in the medulla oblongata. 
They consist internally, in great part, of grey matter arranged in dif- 
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^HRfreurves, and consequently presenting in transverse or longitu- 
dinal sections, the appearance of a serpentine lamina, seen on its edge, 
resembling a kind of plaited capsule open from behind, called corpus 
ciliare or dentatum. 

Aa is well kaown, they are situated on the outside and partly be- 
hind the corpora pyramidalia, between these and the lateral columna 
and corpora rcstiformia of the meduUa oblongata, while anteriorly 
they are covered by traoaverse fibres, the fibne arciforineH of Ar- 
nold.* When we examine this grey matter iu transverse or longi- 
tailJnal sections, we see that it consists, in great part, of an infinite 
Dumber of very small ganglionic cells, which are of a more or leas 
ypllow-brown colour, with interspersed pigment granules and nuclei. 
On most of these ganglionic cells a filament is distinctly observable yt 
on several, however, I saw two filaments, constituting them bipolar 
ganglia.^ Finally, some occurred to me which were connected^ by 
communicating filaments with adjoining cells, or lateraUy gave off 
abtauch.ll But as these ganglionic ceUs present much the same 
appearance either on a longitudinal or transverse section, that is, 
some passing in a round, bnt most of them in an obloug form, into 
one or two filaments, I readily assent to Kolliker's opinion, when he as- 
cribes from three lo five ramified filaments to each: 1 hence they would 
appear to belong to the class of small multi-polar cells.** Tlie nucleus- 
filled lamina, or corpus ciliare, is perforated, as Stilling first pointed 
out,t+ by many transverse fibres passing into the raphe, and decus> 
Bating at more or less acute angles-ft 

KoUiker says that he could discover no connexion between these 
fibres and the ganglionic cells of the corpus ciliare;§§ in wliich case 
the corpus ciliare would be isolated, and would exercise no influence 
on ueighboaiing parts. But I distinctly saw, that very many fibres 
which penetrate the corpus cihare from behind llu'ough the hilos, 

• Fig. 1. C. t Fig. 5, fl a. • Fig. ,1, 6. 

f Fig. 5, b, c. II Fig. 5, d d. 

% KoUilter, Mlkroik. Anal., pp. 4S5. 

•• According to Kolliker these cells possess a diameter of tVom 0008"" lo 
0-012"'. This agrees tolerably well with my m ensure in ents; thus I found 
it 0-OOT" to 0013"'. We cannot, however, judge accurately of their true 
■IM, as those examined were probably more or less shriveUed, both by 
chrvmie iidd and spirit. Much depends, also, on the direction in which 
tbe acctioR ia made. By a eolution of carmine, they are very beautifully 
colaared, and rendered much more distinct. 

J* M*duUa mimgata, Plate V.,jr. It Fig. 1, q g, r. 
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or opening, all terminate in it ; many othere, however^ perforate tins 
grey matter, to pass out again on the opposite aide. 

Thus, if we make a very fine transverse lamina or section of the 
corpus ciliare, we see that, both from within and from the outside of 
the cavities of the plait, fibres pass into the corpus dliare. Some 
appear to penetrate exactly into the hollow curve of these windings, 
and in part to come out again as marginal rays at the convex end ;* 
but a ^eat number of the fibres^ which penetrate into the cavity, 
bend laterally to the grey matter^t in which thqr decussate in various 
modes. Both on the outer and inner sides run marginal fibres, 
which continue as a layer more or less paralld to the curves, and 
appear to take up the fibres from the corpus cfliare, and further on 
to give them off externally.} These are in difEerent situations in 
various states of development, but, as we shall subsequently see, thej 
occur ev^ywhere, both in the more highly developed corpora olivatia 
in man, and in the more simple corpora olivaria in animals. These 
marginal fibres appear to be connected with the gang^onic cells in the 
corpus ciliare, and to conduct their influence to other parts, as they 
collect externally in larger or snaUer fiEusciculi.§ They, are however, 
often so completely covered by other marginal fibres, as to be only 
indistinctly visible. Sometimes fasciculi pass from the most eternal 
ma^^inal fibres through the corpus ciliare, and join other bundles 
derived from the hilu8.|| A great proportion of the fibres which enter 
the cavity of the corpus olivare, appear evidently to take their origin 
from these ganglionic cells.^ Very many fibres, however, especially 
the so-called fibrie ardformes, penetrate the corpus ciliare, without 
our being able with certainty to discover whether they are connected 
with the ganglionic cells, a connexion, which, nevertheless appears to 
me to be probable, as otherwise we cannot see any use in so many 
fibres penetrating this body.** But in other situations we see few 

• Fig. 6, a, ft, c, <i. f Fig. 6, a, b, e. 

I Fig. 6, a, d, Lenliossek, Neue Unteriuchungen ueber den feineren Bam 
det eentralen Nervensyttems, Wien, 1855, Plate II., Fig. 3, c, Fig. 1, g g, 

f See this Fig. 4, p, in the corpus olivare of a calf. 

II Fig. 6, e,/. t Fig. 1, 1, y. 

** Fig. l,l,k^ Fig. 12, C» A. in a cat Lenhossek represents only fibres 
entering the hilus from the inside, but not one penetrating the corpus 
ciliare, which is not correct See Neue Unlersuehungen ueber den feineren 
Bau det eentralen Nervemystem, Wien, 1855. Plate II., Fig. 1. Stilling 
had previously stated this much more correctly in his work on the Medulla 
Oblongata, Plates V. and VI. I subsequently observed, on inspecting 



EXPLANATION OF PLATE IV. 
Fig. 6. Portion of the Corpus Ciliare from the Corpus Oliyare. 

a, b, e. FasdciiH of fibres, rmdiating from tlie oonoavitiM of tlie coryes of the oorpuB 

cUare. 
a o", /. Fasdcali from the inside, which, m marginal fibres, at of oonataatly reodve 

fresh fibres from the gangUonic cells, and at /farther radiate outwards through 

thehilns. 
0, d. Manrinal fibres on the outside of the corpus olirare. 
€,f, Bunole of fibres, passing transversely tluou^^ the corpus dliare from without 

inwards. 
d Most external marginal fibres, which everywhere receive fibres tram the ganglionic 

cells of the corpus ciliare. 

Fig. 7, A. Bemarkable example of Atrophy of the Corpora Olivaria, 
in a Case of the Loss of the Power of Articulation. 

a. Pons YaroliL 

b. Medulla oblongata, at the leval of the decussation. 
e. Left corpus olivare, appearing as a little tubercle. 

d. Uncommonly thick fflnw aidformes, curving backwards under the small corpus 

olivare. 
«. Bight corpus oUvare. over which longitudinal fibres ran. Internally there was 

only a mere trace moorpoM ciliare. 
V-XT. DifEarent nerves, arising in this situation. 

B. Example of Oliquity of the MeduUa Oblongata, with yery un- 
equal Corpora Oliyaria. 

a, b. Corpora pyramidalia. The right, a, is distin^shed from the left, which is 
somewhat broader, by a thick bimdle of longitudmal fibres, running over it, and 
passing outwards under the corpus olivare. 

c e. boundaries of the ri^ht corpus olivare, 15mm. long. 

d d^ Small left corpus ohvare, 1 1mm. long. 

e. Strange lateral curve in the anterior groove between the corpora pyramidalia. 

Somewhat above this curve a great section of fibres passes to the other side, com- 
pletely filling the ^[oo^e of decussation. 

V V. The two vagi. That of the right side is nearly half as broad again as the left, 
7mm. against from 4^ to 5. 

A A, Accessory Nerves. That of the left side appears somewhat thicker. 

EH, Hypoglossi. 

Fig. 8. MeduUa Oblongata of a Dog. 

6—12. The nerves of the medulla oblongata. 

a a. Corpora olivaria superiora, on a level with the fiicial nerve, behind the corpus 
trapezodies. 

6 b. Corpus olivare inferius, exactly at the roots of the hypoglossus, and not extend- 
ing above or below these roots. 

Fig. 9. Medulla ObloDgata of a Cat. 

a a. Corpora olivaria superiora, at the level of the facial ner\'e. 
6 6. Corpora olivaria inferiora, at the level of the hypoglossua. 

Fig. 10. Medulla Oblongata of the Ass. 

6 — 12. The several nerves. 

a a. The two little corpora olivaria superiora distinct from one another, on the outside 

of the abducent nerve, on a level with the facial nerve. 
b b. Corpus olivare inferius, from the expazision of the roots of the hypoglossus more 

inwards, behind the corpora pyramidalia. 

[To face Page 142. 
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or no fibres penetrating the corpus dliare, alihongli on the one side 
they pass in great nnmber between the ganglionic cells. These must, 
thoeforey take their origin from the ganglionic cells. But on account 
of die extraordinary minuteness of these fibres and the small size of 
the ceUsy we can sometimes follow a filament in its connexion with a 
cell to a little distance; but the fibre is soon covered by others, so 
that we lose sight of it. 

Stilling describes on the inside of the corpus olivare a second 
nudeusiy which he denominates the great pyramidal nucleus, and he 
thinks that the pyramids arise from it."*^ 

I have already reminded the reader, that the pyramids are the con- 
tinuations of the anterior columns of the spinal cord, and do not 
originate in the medulla oblongata. These accessory nuclei agree, 
^however, so completely in structure and composition with the corpora 
cQiaria, that we may look upon them as exactly similar to the latter. 
Even this innerm(»t nucleus is not everywhere isolated; on the 
contrary, if we make a series of successive transverse sections, we shall 
see that in some it is connected with the proper corpus ciliare, while in 
others it is separated from that body; it is, therefore, merely an offshoot 
of the corpus dliare. On the outside, too, such a body usually occurs, 
and Lenhossek represents several ;t but he has, in my opinion, con- 
fimnded some with ordinary ganglionic groups, which are, however, 
distinguished firom these corpora oUvaria by the greater size of the 
eells. It is very remarkable that, as Stilling first stated, the hypo- 
glossal nerve passes between the corpora olivaria and the so-called 
pyramidal nucleus of Stilling.^ In many parts, however, of the 
corpus ciliare, isolated tracts of the root of the hypoglossus perforate 
the corpus olivare itself, and penetrate between the ganglionic cells,§ 
leading us to suspect the existence of a closer connexion between 
tiie corpus olivare and the muscular nerve of the topgue. 

This supposition I found confirmed in the fullest manner by my 
farther investigations. 

Stilling represents several transverse fibres apparently escaping 

Lenbossek's preparations at Bonn, that this is in a great measure the 
ictalt of his mode of making the preparations, as, by too great transparency, 
many of the more minate fibres are rendered difiScult to see. 

• MedmUa ObUmjfata, p. 30, Plates V. and VL, r, also my Fig. 1, k. 

t Lenhossek, L e. Plate IL, Fig. 1, h. See also my drawing, Fig. 1, 

X MeMla Ohhngaia, Plates V. VI., I, r. § Fig. 1, q. 
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out of the hilus from the corpus olivare, and passing into the par- 
tition or raphe,* giving the two corpora olivaria the appearance of 
being connected with one another; but he did not observe that 
whole bundles of fibres^ derived from the hilus^ bend from the corp(»a 
olivaria dose to the hypoglossal nerve^ to terminate with the latter 
in the nucleus of this nerve. 

These fibres arise from the grej substance of the corpus ciliaiey 
and form a tolerably large bundle which does not differ much in 
thickness from the roots of the hypoglossus, and which we can follow 
uninterruptedly into the nucleus of this nerve. The fasciculi in 
question seem not to perforate the corpus ciliare, as they do not 
appear on the other side ; but it can be easily shown that tiiey arise 
from the ganglionic cells of the corpus olivare itself. Th^ pass 
through the hilus, and collect in bundles, which run into the nucleus 
of the hypoglossus.t From the same place, and especially from the 
bottom of the corpus olivare, a quantity of fibres simultaneoualy 
radiate, which make for the middle line or raphe, perforate the latter^t 
and appear to communicate with the corresponding fibres of the other 
side, connecting the corpora olivaria with one another. It is, how- 
ever, also possible, that some of these minute transverse fibres, which 
proceed from the corpora olivaria towards the raphe, and radiate 
again on the other side, may bend partly upwards into the minute 
longitudinal fasciculi, coming from the brain, and so, as conductors 
of the orders of our will, decussate, just as we have above seen of 
the nuclei of the nerves. As, however, a number of longitudinal 
fibres appear to spring from the top of the corpora olivaria, and from 
their sides, and pass to the crura cerebri and corpora quadrig^nina, 
the so-called fasciculi olivares and laqueus,§ we may also assume that 
these latter tracts serve to bring the corpora olivaria into connexion 
with the brain, and thus with our will, and that the transverse fibres 

* Stilling, Medulla Oblongata^ Fig. VI., q, 

f Fig. I, i, P' Lenhossek, /. c, Plate II., Fig. 1, f. I discovered this 
remarkable * coiinexiou in the spring of 1 855, with my Swedish friend 
Liedholm. In the autumn of 1856 I received the essay of Lenhossek, 
who had, quite independently, accurately described and represented the 
same connexion, giving it the name of pedimculus olivae, /. c. p. 34. The 
discovery was made known in a short paper in the Swedish Journal, the 
Hygiea (Professor Schroeder van der Kolk's Views on Epilepsy, communi- 
cated by J. F. Liedholm, Hospital Physician at Wexio, 1856). 

: Fig. 1, i, q q. 

§ Amoldi, Iconet cerebri, Plate IX., Fig. 5, r, «, /. 
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; regard*^ oiily as commissuies. In the one case, the con- 
ductors of the orders of our will would be considered as decussating, 
just as occurs in the nerves ; in the oilier case they would not be 
snpposed lo decussate. Both opinions might even be true in cane of 
■n impression from the one side acting simultaneously on both corpora 
olivaria. Moreover, it is in many places evident, that these com- 
missures pass from the one corpus olivare to tbe other, and serve to 
unite both, although I have not found the connexions so well-marked 
as they have been represented by Leuliossek,* This intimate con- 
uexion, both between the corpora olivaria reciprocally, and with the 
nncleoB of the hypoglonsus, particularly struck mCj and I thought 
that a more accurate investigation of it might, perhaps, lead to some 
explanation of the use and action of the corpus olivare iteelf. 

Let OS keep in view, as starting points, the two following facts : — 

1. Tbe two corpora olivaria are reeiprocally united by a consider- 
able number of fibres, arising from their ganglionic cells, and per- 
forating the raphe.f 

Z. The coq)U3 olivare of each side is closely connet'ttd with the 
nucleus, from which the hypoglossal nerve of the same aide derives 
he origii)4 

Hence we may infer that there is most probably an intimate phy- 
notogical connexion between their actions. In what, then, can this 
connexion consist P 

I have already, in my Essay ou the Spinal Cord, endeavoured to 
prove, that aU motor nenea take their origin from certain groups of 
molti-polar ganglionic cells ; that these groups are more numerous 
where a greater number of muscular nerves arise, as in the brachial 
and crural plexuses, and in proportion as more numerous combinations 
of different muscular actions, as, for example, in walking, are to be 
accomplished and brought into harmonious cooperation. § Now, 
we possess no part which is capable of such various motions as 
the tongue, which is certainly the most moveable part of the 
bod;. 

If we now examine the nucleus of the hypoglossus, I must acknow- 
ledge that I am acquainted with no other part of the entire spinal 
r brain where the multi-polar ganglionic cells are so densely 
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aocamulated as in it, — ^a fact confirmatory of the opinion jost 
alluded to."^ 

But we also see that the corpus olivare is in the closest con- 
nexion with this nucleus, a considerable number of fudcuU of fibres 
passing from the former into the latter. It would, therefore, appear 
that the corpus olivare is, at least in part, an auxiliary gan^on of 
the hypoglossus (for, as we shall find, it is connected with other 
nerves), and as such is joined to the hypoglossus for the production 
of certain special combinations of movements. 

It is, further, very remarkable, that the corpus olivare occurs in 
but a small number of animals, and, indeed, only in the mammalia. 
Birds possess, as I shall hereafter show, only a remote type of this 
body, and lower ^tiiwij^U seem no longer to exhibit any trace of it. 
But if we compare the corpus olivare among the mammalia themselves, 
it will at once strike us that these organs occur nowhere on so ex- 
tensive a scale, and so fully developed, or presenting so stronj^y- 
plaited a corpus ciliare as in man. Its numerous plaits have 
undoubtedly the advantage of containing a very great number of 
ganglionic celb in a small compass, and of affording a very extensive 
surface in a limited space, whereby the multiplied connexions between 
its cells and the surrounding fibres, or those which arise in the corpus 
ciliare, are rendered possible. This narrow-plaited form, moreover, 
renders easy the entrance and exit of the in>coming and out-going 
fibres. 

Again, in the higher mammalia, as the apes, the corpora olivaria 
are most like those in man ; in the lower they are, as I shall here- 
after more fuUy explain, smaller, and divided into several parts ; in 
man they are, however, so much larger, that they exceed in circum- 
ference by two or three times those of the chimpanzee; and this 
difference is still more remarkable in lower, though much larg^ 
anioials, as in the horse, the cow, and the ass. 

This at once suggests the idea that the corpora olivaria have a 
much more important function to discharge in man than in animals, 
and that in the mammalia in general some more highly-developed or 
complex action has to be performed, in which these bodies cooperate, 
and which does not occur, at least in the same manner, in the am- 

* This is particularly well-marked in the hypoglossal nucleus of the 
cow, where, on account of the greater sise of the tongue, and the conse- 
quently increased amount of muscular fasciculi, the number of ganglionic 
cells in the nucleus is uncommonly great, and is in proportion to the 
increased thickness of the nerve itself. 
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pktbJA and in fislies, as in these the coqjora olivaris are wholly 
absent. 

Immediatelj after I had discovered the special fasciculi, connect- 
ing the corpora olivaria with the nuclei of the hypoglossusi, I 
suspected that the very delicate combinations of motion in the human 
lungue in articulation and speech might afford an explauation of the 
much greater size of the olivary bodies, and of their more intimate 
oonncxion with the nuclei of the liypoglossus. For speech and the 
articulation of words require such a multitude of peculiar motions of 
the tongue, and such an infinite number of varying combinations of 
ita mnscular movements, that it cannot appear strange that two 
uxiliary ganglia should be required for the performance of these 
ftuietioiis. 

If we sttend to the situation of the hypoglossal nuclei, it wiH 
■ppesr that these are located close to one another, adjoining the 
mHdle line or raphe.* 

They are here separated from one another by the longitudinal 
fibres which pass from before backwards through the raphe, and on 
the fioor of the fourth ventricle cover these nnclei from bebind,t and 
which are formed partly by proper nerve-fibres, as we have above 
wen, and partly by connective tissue from the pia mater. It is only 
in a limited portion that the two nuclei appear to be cj^nnected with 
one another by transverse filaments. The greater part of each 
nncleos seems to be isolated in its action, and not to be connected 
with that of the other side ; the result of which is, that each hypo- 
glossal nucleus can act separately, so that we are able to move the 
tongne to one side or the other. In speaking, however, the tongue 
moat be moved equally and simultaneously on both aides, as appears 
from the fact, that when one side of the organ is paralyzed, speech 
ii impaired.^ 

It seems to me that the corpora olivaria serve to accomplish these 
nniform and simultaneous movements of the tongue, intimately con- 
nected as they appear to be by the above-described proper transverse 
fibres, passitig through the raphe from one corpus cihare to the 

• Fig. I, o, p, d. t Fig. 1, B, rf. 

[ Among otbeTB, we aiaj find rnony proofs of this in Lalleroand'B ex- 
CtUeoI wotk. lUchrrchf nr VEnr.ephaU et $et d^ttadancti, Paris, 1824. 
Tbvt, m patient often got angry and violent, because she cuuld not 
Ctpreaa henelT in words ; she uttered only a confused sound and ioarticu- 
Utc aoiiea; the tongui^ as wcH as th« whole body, was half paralysed. 
Lett. I., OH*. 7, p. 19. It is self-evident that where the paralysis is less 
complete, a« otUa occurs, the impediment in speech will he less. i. 2 
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other^ in consequenoe of which the action of the one corpus olivare 
always takes place simiiltaneously with that of the other. According 
to this view, the orders of onr will should, in the articulation of 
speech, be conveyed by the corpora olivaria on both sides simul- 
taneously and uniformly to the two hypoglossal nuclei, so that in 
this case the corpora oliyaria must be regarded as auxiliaiy gan^'a, 
communicating the multitudinous combinations of muscular move- 
ments required in speech, simultaneously to the two hypoglossal 
nuclei, and thence to the tongue, the result being the uniform move- 
ment of both sides of this organ. The hypoglossal nuclei appear 
tiierefore, to be in themselves unilateral, that is, each can act sepa- 
ratdy for itself, in virtue of which we are able to move the tongue 
to either side. The corpora olivaria on the other hand are bilateral; 
that is, they are so connected in their operation by the transverse 
fibres, that the action of both is always excited uniformly and aimuL 
ianeously, and is communicated to the muscles of the tongue on botii 
aides, which, as I have already observed, is necessaiy for speech and 
the articulation of words.''^ 

* The idea that the corpora olivaria are closely connected with speech 
is not new. Even Willis says : — « In homine infira pans octavi (Hypoc^ossi) 
originem protuberantia quaedam utrique meduUae lateri adnaacitnr. £x 
ilia fibre quatuor aut quinque distinctae prodeunt, qnarom una aut altera 
arteriam vertebralem pertranseuntem circumligat, omnes autem in eondem 
truncum, qui predict! pans nervns est, coalescont Protaberantia isthsc, 
pia matre avulsa, facile conspicitur, et pecnUaris spiritanm, hoic nervo, 
destinatomm condns videtur. 

« Cumenim hie nerms Bngu^ eftuqme wnucuiu impendatnr,adeoqae loqueim 
pera^emd^ potissiinmn conducat, in homine, cui vocis et migor nsos et 
fVequentior exercitatio, spirituum penu ingente, qnonun copie semper in 
promptu sint, opus esse videtor. Brutu Tero, quibns nulla aut raiior vocii 
necessitas, talis proimberamtia deest, quippe illis baud requiritur, ut spiiitin 
ante rocis organa, quasi in vestibulo quodam caterratim agrgTegentur, quin 
•ufRciat eos e communi medulle oblungate tractu panlatim aocierL** TIl 
Willis, Certbri Anatcmia^ cap. 18 in Opera omnia Genere, 1676, p. 90. It 
would appear that this remarkable part has but little attracted the attrition 
lU' subsequent writers. Professor Retzius, however, who discoTered the inti- 
mate connexion between the corpora olivaria and the facial nerve, and ad- 
mitted the conneuon previously stated by Burdach to exist between the 
corpora olivaria and the nervus hypoglossus, infers that ** as comparative, as 
well as experimental and pathological anatomy, has afibrded me full proof 
that the seventh pair of nerves is destined for the expressive (mimisdieB) 
movements of the countenance, and as again the latter, as wril as the 
movements produced by speech, are the peculiar attributes of tiie hunaa 
face^ and, by mcuis of the fiicial and Kngoal nerves* proceed ftpm tin 
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ut the notion that the corpora olivaria are organs for the articu- 
lation of the voice, is no mere conjecture, but that it can be cou- 
firmed by facta will appear from the following very remarkable caae, 
which fell onder my own observation. 

G. van A. was received into the Institution for the Insane in 
Utrecht, in May, 1854, She had then attained the age of twenty. 
two years, although, from her small and youthful figure, she seemed 
scarcely to have passed the period of childhood. Almost from her 
birth she had given signs of defective powers of miiiil, and it sub- 
■eqnently appeared that she was dumb, but not deaf. Two of her 
brothera were educated as deaf-mutes in the Institution for the 
Deaf and Dumb at Groningen. Piuching poverty induced the 
mother (whose mental powers had likewise suiTered much in conse- 
qtience of a fonner illness, after the death of her husband) to place 
her daughter in the Institution for the Insane ; especially as the 
yonug woman had become maUcious and passionals. Probably this 
was the result of the want of proper food ; &s a little care in the In- 
■titntion soon restored her former tronquiUity, which continued 
during the whole of her stay there until her death in August, 1855. 

Prom her mother we learned tlmt she had always enjoyed good 
health, and had menstruated regularly ; oidy suffering occasioually 
from a spasmodic cough. The most remarkable point, however, waa 
that, notwithstanding aU the trouble which had been taken with her, 
olivary bodies, we might regnrd the olivar; bodies as central organs for 
the movements of expression and speech." See Miiller, Archivjur Phyiol. 
1830, p. 363. Dages also iay% Ln hia Pbyiiologie Cumparie, 1839, t. I., p. 
360, '* Les olives offrent un degre d'uil£r€l de plus, comme centre nervcax 
pATticulier. Le sln^Ucr kyste. form£ de substance ferme et griafitre, qui 
Icnr aert de nojau (corps rhomboide), tout serablable !l celui qn'oa trouve 
an milieu de cbaquc hfinispbere du cervelet, semble indiquer des fonctiona 
■picialea. Noub nous Bommes figurfi que son Hptilude particaliirt! poor- 
nit bien se rnpporter h I'exercice de la vols, comme moyen d'ciprcssion 
des td^es. II est bon de noter k cc aujct, que lea olives sont pliu volumi- 
neiueB chrz Thomme que chei tout autre animal, que les nerves du 
lar]mx, de la langue et du pharynx naissent des faisceaux olivaires; " and 
flinhermore, at p. 262 : — " L'bypoglosHe, moteur de la langue, vient des 
CuaceKUK sons-spin a ux et peut-etre des olives qui agirHient, par lear 
interniMiure, sur ta langue cumme organe de proiioncintion." 

I have not found these ideas iu other writers, and as they are not con- 
firmed by any cases, they cannot be looked upon as more than mere con- 
Jecturiw. Only very recently have the corpora olivaria been occasionally 
natitioiied by some authors, as being connected nitb speech, thaogb this 
. supported by the production of any proof- 
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At Ittd never beat ahle to forai an aiticolite toand, but only now 
and tlien nttered a aqneak. She was abnoai ahraja very mild and 
fmntn rt e d, but habiuiaUy thmat her thick tongoe onfc between her 
tcethy withoot iu inrBning to one ade or the other. She nanaUy 
nadcntood aD lliat was aaid to her, and althoogb idiotic, was of a 
▼ay gentle diipofltian. She attfudgd when ^^ was caDed by nam^ 
bat could never answer. She in genend whihited a aniling coun- 
t rn a Tirr, fspmally when she was addressed by nam^ and when her 
ittwition was eidted; ibe ilmost ahrays lei her tongoe hang out of 
her maaik, and only laicfy gave occawonal otteruoe to a low, 
nuvninl sound. Duing her stay in the boose, all her fimctions 
were nomal, menstzoation was regular; now and then, howerff, 
her con^ retmned withoot any expectoration. Bat in Jnly, 1865, 
she was again *^*«^^ with violent coogfa, on which diarrhms 
sopervened, she rapidly kst aQ appetite, and, very much ftm«riat4!d 
and wasted, sank in tbe following month. 

At the post-mortem examination, the body was found to be 
dender and bat ill-devdoped; the head was soial], the fcHehead but 
slightly arched and sloping backwards ; the chest was very flat. On 
removing the hard^ but tlun and small skoll, the cerebrom appeared 
little and ill-developed; the conYolations, especially on the anterior 
lobes, were slight and not numerous ; in consequence of the diminished 
arching of the anterior lobes, the so-called amvcdutions of the third 
rank of Foville, were scarcely shown on the innar longitadinal suz&ce 
of the hemispheres^ and were very small ; the convolutions on the 
posterior cerebral lobes were but little developed. On the anterior 
cerebral lobes, beneath the os frontis^ was seen a spot, of the size 
of the palm of a small hand, with bloody exudation under the 
arachnoid, in which situation the pia mater was adherent to the 
cortical substance, which was in many parts softened. On section, 
the grey and white substances were here and there thickly studded 
with red sanguineous points ; the thalami optici presented a strikingly 
yellow colour. The thoracic and abdominal cavities were not opened. 

On taking out the brain, however, the medulla oblongata imme- 
diately attracted my attention ; not only because the pons Varolii 
was smaller and narrower than usual, but chiefly on account of the 
very unusual minuteness and slight development of the corpora 
olivaria. Such an example had never before occurred to me, and I 
have accordingly represented this remarkable deviation with the 
greatest accuracy in Fig. 7 A. 
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We see hate, m, the pons Yarolii; 6, a section of the mednlla 
oomeaUs at the lower extremify of the decnssation of the pyramids, 
which are tolerably well-developed ; at e and e we observe the small 
oorporm olivari% of which the left at c eidiibits only a small nodule,''^ 
ranoimded internally and inferiorly by nnoommonly thick fibr» 
arcifoirmeB at tL These fibres are tUcker than I have ever observed 
in any other case, and after descending vertically from the pyramids, 
carve ontwards in eight or nine bundles. 

Bat at the lower extremiir, on a level on the left side with d, we 
see some lucicnli passing in an opposite direction to the anterior 
salens, which is not the case on the right side, where the fibres 
arciformes are also veiy thicks althongh somewhat less highly de- 
veloped. 

Tliis deviation of these fibres inwards appears to occur very rarely. 
I found only one simihir abnormity in Arnold's pktes, likewise re- 
presented on the left sidcf However, this writer, though in other 
respects so accurate, makes no mention of this point in the explana- 
ticn of the plates, nor in his Bemerkungen neier den Bom des Hims 
imdBMeienmark9, Zurich, 1838. Neither does Yalentinit ^^r !Foville§ 
speak of it. 

Of the transverse fibres over the corpora olivaria, the so-called 
stntam sonale of Amold,|| we can in this instance, as is often the 
case, see no trace with the naked eye. 

On the right side, the form of the corpus olivare is not less re- 
markable ; here, at the first glance, it appears to be wholly absent. 
Thus, there is in this situation a depression with a slightly raised 
floor, on which the thick fibr» arciformes are placed; while in 
the seat of the corpus olivare tolerably broad longitudinal fasciculi 
of fibres are seen.^ 

In order to ascertain whether the corpus olivare was present at 
a& or not on the right side, I made, without destroying the prepara- 
tim, a longitudinal incision with a very sharp knife in the direction 

* The vertical diameter of this amounted to exactly four miUimetrefly 
the hreadih to 3*46 ; in the normal condition the lengUi amounts to from 
thirteen to fifteen millimetres, the breadth to four millimetres, 

t Ieom€$ cerebri, PI. II., Fig. 5, lett. g. Also Pl. III., Fig. 1 hy on both 
sides. 

t Sommering. Him- imd NervenUhre von Valentin, 1841. 

I Trmti eompUi de VAnatomie du Syithne Nerveux. Paris, 1844. 

R Bemerhrngm, ^t,, p. 82. leonee cerebri, PI. II., Fig. 5 e c. 

1 Fig. 7 A e. 
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of that body, and &en took from one wall of the section as thin a 
lamina as possible. On sabmitting the latter to a magnifying power 
of from 250 to 450 diameters, I fonnd in it^ ahnoot exdosiTdy, lon^ 
gitudinal fibres, decussating with one another; on the one ade of 
the section, I fonnd some grey substance, and in it scattered gan. 
gUonic ceUs of the corpus cfliaie, but in a straighter line, not so 
highly conyolnted; whence I concluded that the corpus olivaie was 
even much less developed on the right side than on the left 

The posterior roots of the auditory nerve in the fourth ▼entride 
were, although only in the upper hd^ distinctly present, and evi^ 
^tly passed over into the auditory nerve itself. 

The cerebellum appeared normal, but not highly developed. 

From this remarkable case it therefore appears : — that in this in- 
stance there was complete inability to articulate, and consequent 
absence of speech, without deafriess and without proper paralysis of 
the tongue, which the patient could move, although perhaps not yerr 
quickly, with an extremely defective development of the corposa 
olivaria; so that the influence of these bodies on the complicated 
movements of the tongue in speech seems scarcely to admit of doubt* 
Deglutition was, however, well performed. 

I am indebted to my esteemed friend, Boell, physician to the 
Institution for the Insane at Dordrecht, for a second very impor- 
tant case. He sent me in April, 1856, the head of an epileptic 
patient, aged thirty-two, who had died the previous evening, and 
who had for nine months been under treatment in the Institution at 
Dordrecht. My friend at the same time transmitted the following 
report : — 

*' The patient was deaf and dumb from youth, and subsequently 
became epileptic. He uttered only a croaking hard sound, whid^ 
nevertheless, he endeavoured to articulate ; the word tabai (as it ap- 
peared to me), being alone intelligible. He always sat quietly, assisted 
himself, could make known his desire for tobacco, and was glad when 
it was complied with. 

^' His hands were drawn inwards by the flexors ; his digestion was 
good ; the last eight days he was confined to bed, ate little, and 
gradually pined away without consciousness.'' 

Immediately after receiving the head, I opened the cranium, which 
was thin ; the os frontis was small, sloped backwards, and was but 
little developed; on the removal of the cranium, the dura mater 
presented a very sanguineous appearance. 
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On the upper Bxutace of the cerebrum^ especially at the vertex^ 
there was intense meningitis, with a greenish-yellow pnrolent efiFdsion 
between the pia mater and arachnoid, extending over the cerebral 
lobes. At the Yertex, the arachnoid was, through a limited space, 
adherent to the dnra mater. The pia mater was very firmly attached 
to the bndn, and could only with very great difficulty be separated 
firom its surface, and scarcely even from the depressions between the 
convolutions, which seldom occurs; consequeutly, in several places, 
thin layers of cortical substance continued hanging to the inside of 
the pia mater. The convolutions on the anterior lobes were small 
and ill-developed. On pulling off the pia mater, and washing with 
water, the colour of some convolutions was observed to be very 
white, and this was also the case where attachments to the pia mater 
had existed. Other points of attachment, on the contrary, exhibited 
a lij^t rose-colour, a proof that the inflammation had penetrated 
into the cortical substance, as constantly occurs in idiopathic mania, 
unless the condition has already passed into dementia, when the con- 
volutions are pale, and the pia mater easily separated. In the 
present instance, the change of colour was the result of the inflam- 
mation of the brain, which seems to have set in shortly before death. 
The veniB magnte Galeni, at their passage into the straight sinus, were 
covered with a purulent exudation, which extended to a certain depth 
between the posterior lobes and the cerebellum. The fluid, however, 
in the lateral ventricles was clear, and the pia mater was not thick- 
eoedy so that the inflammation had not extended to the whole of the 
interior cavities of the brain. The pia mater, too, could be sepa- 
rated from the corpora striata, without laceration of the cerebral 
substance, which is, under other circumstances, not usually the 



The fornix, however, and the thalami, especially on the right 
side, were softened ; the corpora striata were healthy ; the corpus 
i^ff^iftinm cercbelli was pale; the brain, especially the medullary sub- 
stance, exhibited many red points on section. 

The pia mater and arachnoid, on the medulla oblongata, also, were 
thickened and exhibited traces of inflammation ; the corpora olivaria 
were small ; the posterior so-called roots of the auditory nerve in 
the fourth ventricle were even strongly developed ; they passed dis- 
tinctly into the auditory nerve, which was, however, on both sides 
veiy thin and atrophied. 

The cerebellum was not red firom inflammation, but on its inner 
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Bat it i^ipears to me probable, that as the great imbibitk>n of 
blood mnst have been of recent occurrence, the red exudation and 
dilatation of the blood-vessel near the nucleus of the hypoglossus were 
of later date, and were, perhaps, connected with the recent inflam- 
mation of the brain, of which the patient had died ; and that they 
were, perhap, alno promoted hj the former epileptic attacks; a point 
to which I Hhall a^ain allude. The vessels in the neighbourhood of 
the corpora oHvaria were much smaller, and were not so highly dis- 
tended with blood. On micrometric determination, the resael near 
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die hjpog^ossns appealed to amount ii^ diameter to 0*261 millimetres, 
kbe widest, somewhat to the outside of the corpora oUvaria, to 0*305 
millimetres. It is not stated whether there was paralysis of the 
tongue during life, probably, therefore, it did not exist. The epi- 
leptic attacks had not been frequent. 

A third case of this nature was communicated to me by my es- 
teemed friend, Bamaer, physician to the Zutphen Institution for 
the Insane, who, at the same time, with the greatest kindness, sent 
me the preparation. QLthe history of the case, I received the follow- 
ing report:— 

''Last week I dissected the body of an idiot, whom I had always 
canndered to be dumb ; but I now heard that he used to utter a 
ocmple of words, namely vrj/dag, when he had eaten anything to his 
liking, and boife, by which he designated the little bones he got here 
and there to pick, while he was still at liberty. However, these 
WQEds were so indistinctly uttered that I never could understand 
thm. In other respects tiie unfortunate being was cunning enough ; 
he assisted in mangling and bed-making, and could hear well. His 
bxuii was very well-developed for an idiot ; but the medulla oblon- 
plm was turned in the strangest manner, one corpus olivare appearing 
to be pnahed upwards, while beneath was a deep depression.^' 

I was unaUe to ascertain whether this depression was produced 
by ft bony excrescence from the skull, or from what cause it pro- 
ceeded; but as we have only few examples of mal-position of the 
eospora olivana, I thought it worth while to give a drawing of the 
specimen. We see the strangely-turned corpora pyramidalia. Fig. 
7 B; the left corpus olivare, d d, is much smaller than the right, 
ec^m the proportion of eleven to fifteen millimetres ; the left vagus 
Vy also, is much slighter than the right, nearly as five to seven ; 
between the hypoglossal nerves there is but little difference. The 
deeossation is turned quite obliquely. According to reports subse- 
quently obtained, there appeared to have been no atrophy of the one 
hflndspheie of the brain, nor was there any paralysis of the tongue. 

On the left side, the inferior roots of the hypoglossus, H, come 
mnch lower than the inferior border of the corpus olivare. It is 
not improbable that for want of harmony in the corpora olivaria, the 
bilateral actions in the motions of the tongue, which are necessary 
to articulation, could not be accomplished. 

Tn the foregoing instances, the patients never had the power 
of qeech and of the articulation of words ; it is, therefore, important 
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tliat I am able to add a case in which the difficulty of articnlatkNi 
commenced during the last period of life, in conseqnence of a morbil 
affection of the central parts. 

B., aged thirty years^ was admitted, on the 11th of January^ 
1855, into the Utrecht Institution for the Insane. 

Formerly of a sound constitution and regular mode of life, he wis 
very much thought of for his peculiar ability in the commission tradi^ 
and was, consequently, often' obliged to undertake fatiguing joumejt* 
For these, however, he was very well able. He suffered only horn 
habitual constipation and a torpid state of the bowels, a oond&oa 
which appeared to inconvenience him but little, though he m^ 
have had no motion for several days. In 1858, he was long affeotflj 
with boils, and had an anthrax on the back; he seemed often to 
suffer from nocturnal pollutions, and most probably had in his yoi^ 
been addicted to onanism. 

In 1854, he married, and entirely changed his mode of life; h$ 
was now occupied in book-keeping and writing in his extennve 
business, and adopted sedentary habits. 

In the commencement of December of the same year, he began to 
complain of headach, while the constipation ha^l greatly increaaedk 
The headach, which was extremely violent, and occasionally inter- 
mitting, was probably, as I have often observed it, the consequence 
of congestion and chronic inflammation of the dura mater, in which 
intermissions are very usual. 

On the administration of strong purgatives and tartar emetic, and 
the application of cupping-glasses, with scarifications to the neck, the 
headach completely gave way. The patient was now to have gone 
on a journey ; when he suddenly became excited, a state which rapidly 
led to the development of all sorts of foolish and exaggerated ideas j 
he thought he was exceedingly wealthy, bought a country plac^ 
wasted much money in useless purchases ; in consequence of whick 
he was brought into the Institution, and placed under my care. 

At first, he was in a state of continual perturbation, under the 
constant influence of various dreams and phantasies, which at times 
he recognised as deceptions, but which quickly returned and pro* 
mised him a golden future. (Incipient inflammation of the pia 
mater and irritation of the cortical substance of the brain.) 

Under the use of tartar emetic and the employment of cupping- 
glasses with scarifications to the neck, and the subsequent application 
of leeches to the nose and anus, his state improved so much that he 
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iQolj became quiet, but appeared tobe restored to complete clearness 
of intellect, when unexpectedly his conditioa again became quickly 
worse, and day and night was liable to sudden exacerbations. He had 
nsoall; wide pupils, and the latter, if bis bowels were confined — to 
prevent which care had constantly to be taken — became still more di- 
lated. The transition to dementia was now gradually more apparent, 
and neither a aeton in the neck, nor an issue on the scalp, was 
eOMttiul in preventing this change. The patient's gait became un- 
steady, he was more and more out of his mind, and especially began 
to exhibit much difficulty in the articulation of words, which he 
frequently could not enunciate without exertion. Deglutition also 
began to be defective, he took his food with difficulty, slobbered his 
dhnk, and used to let the sahva ran out of his mouth. Theae pheno- 
mena steadily increased, while now and then a peculiar sense of opprea- 
eioa was manifested, at which times he could not bear any pressure on 
his neck or chest, and ofteu, especially at night, he stripped these 
parts ; sometimes he grasped his neck so forcibly that he became 
bine in the face. 

The difficulty of speech and deglutition remarkably augmented ; 
he often held his food long in hia mouth, then hurt himself in the 
attempt lo swallow, on which severe attacks of cough usually ensued. 
Hifi legs and arms had become cedematous. He was, however, still 
occasionally excited, and full of plans of travelling. PinaUy, he 
grew more and more oppressed and short-breathed, the pulse became 
tnuU and quick, hia sleep was disturbed ; riles were heard in the ' 
ebest, and one evening, after having eaten with relish, he died with 
lyinptoms of paralysis of the lungs. 

Cta post-mortem examination, it was found that the skull was un- 
commonly thick, and that the dura mater was firmly adherent to it, 
a cooaeqoence, no doubt, of the former chronic inflammation which 
had been attended with hcadach. The brain appeared smaller than 
I had expected, not entirely filling the cranium, while the arachnoid 
membrane, loose and wrinkled, covered the cerebral mass, and the 
eantr was occupied by a great quantity of yellow semm. [Atrophia 
Cerebri.) On removing thb membrane, much efi'used blood was seen as 
1 thin layer beneath the pia mater, in the regions of the os frontis and 
parietal bonea. On drawing away the pia mater, great flakes of grey 
substance were separated with it from the antero-superior surface of 
the hemispheres, the admitted result of iuflammation of the pia m&tet 
"' " * stance, which had produced the phenomena of idio- 
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pathic mania (pride, kc.), with the subsequent paralytic symptoms. 
The pia mater and arachnoid were thickened ; the quantity of aerom 
in the ventricles was small, probably in consequence of the pressure 
on the brain from the large amoont of fluid m the skull ; there were 
many bloody points, and a marbled colour of the medullary fob- 
stance; the septum was very much softened. 

In the cavity of the thorax, there was much fluid ; the bronchial 
glands were very dark-coloured ; the left bronchus was quite filled 
with purulent mucus, the right less so ; the right lung, especially tiie 
inferior lobe, was hepatized, in the left was lobular pneumonia. It 
appears to me probable, that in consequence of the impaired action 
of the muscles, the portions of food oft^n went wrong, and so gave rise 
to this inflammation. Perhaps a semi-paralytic condition of tiie vagOB 
contributed to this resnlt."*^ The mucous membrane of the air-passages 
was also very red-coloured ; the heart, particularly the right ventricle, 
was greatly dilated, probably in consequence of the obstructed drca- 
lation through the lungs. 

In the abdominal cavity, the stomach was found veiy large and 
distended, most likely a result of the semi-paralysis of the vagij as 
I have often observed. The gall-bladder was empty; the s[deen 
and liver were normal ; the colon was uncommonly long, and the 
transverse colon and csecum in particular were amazingly distended 
and dilated; a great portion of the left colon, on the contrary, as » 
usually the case in constipation, was very much contracted, and 8| 
the same time very much lengthened, which must be considered as 
the first predisposing cause of the patient's illness. I allowed the 
medulla oblongata to harden in spirit, in order to be able to submft 
thin sections of it to microscopic examination. 

In this investigation I discovered, in the first place, an unusoal 
quantity of fat everywhere infiltrating and obscuring the tissue of 
the medulla oblongata, and rendering it necessary to wash aome 
sections repeatedly for its removal ; a condition indicative of incipient 
softening. This was principally the case in the two corpora olivaria, 
which were very highly-impregnated with fat; the ganglionic cells 
appeared to be unusually loaded with the latter; the colour, too, of 
the corpus ciliare had not everywhere preserved its peculiar yellow 
tint, but was in parts very white. This change pervaded about half 
of that body; the left corpus ciliare in particular appeared to be 

* Dr. Gaye, Einige Bemerkungen vber Lungentntzundungen hei Irren, In 
AUgem, ZeiUchriftfSr Psffchiatrie. Berlin, 1853, pp. 580 et »eq. 
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much atrophied^ curving at yeiy acute angles. In the situation of 
the nuclei of the acceaaoij, vagus, and espedallv of the glosso-pha- 
lyngeua, there was on the floor of the ventricle sharplv-defined 
yellow degenerati(Ai, in which no particular tissue was discoverable, 
eitending as a layer to near the nucleus of the hvpoglossus, of 0*54 
of a milliineire in thickness.* 

I likewise encountered a round dark spot in the course of the hypo- 
glossns, between its roots.t From this examination, therefore, it 
appears, that not only the medulla oblongata, but particularly the cw- 
pora olivaiia., had undergone fatty degeneration, exhibiting several 
degenerated dark spots, probably consisting of more or less highly- 
organized albumen ; in the corpora olivaria, the course of the hypo- 
glossus;, and particularly of the accessory, vagus and glosso-pharyngeal 
nerves. These changes fiilly account for the very difficult articulation 
aad-obstructed deglutition which had existed during life. 

A similar instance was communicated to me some time ago, during 
his short stay in this city, by my esteemed friend. Dr. Martini, 
physician to, and director of, the Leubus Institution for the Insane 
in Sileaia. Dr. Martini had, in a case of total loss of speech, met with 
induration of the corpora olivaria. 

Similar examples of loss of speech or of the power of articulating 
words, occur in many authors, without the writeis having connected 
the affection of the corpora olivaria with the loss of speech. Thus, 
Olivier relates a remarkable case of paralysis and dementia of long- 
standing, where at last the voice was all but wholly lost, the patient 
being scarcely able to utter a few inarticulate sounds ; the corpora 
olivaria and pyramidalia were softened and changed into a grey 

* About the tituation marked in my first Fig. from e to beyond/. 

f I have designedly reported this case somewhat at length, because the 
whole course of the disease is strikingly illustrated by the results of the 
poit-mortem examination, on which account it is of practical importance. 

Since the original edition of this Essay was printed, I received, a short 
time ago, through the kindness of my friend Dr. Koell, the medulla 
oUongata of a woman aged 50, who had been for twenty-five years insane 
and completely demented, and could only indistinctly utter the single 
word " snniT* (snuflf). There was paralysis of the right side of the face. 
I found in the medulla very decided fatty degeneration ; the right corpus 
olivare was more slender and somewhat smaller than the left, although 
both were slender and atrophied; in the corpora pyramidalia were numeroas 
wide vessels, of 0*276 mm., in the raphe=K)*305. There was no vascular 
dilatation in the other parts. The patient had not been epileptic 
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semi-fluid pulp.* In another case^ in conseqnenoe of an aneaiiam 
of the basilar artery, the pyramids were nearly annihilated ; the cor- 
pora oUvaria were pressed outwards and indented; the roots of the 
hypoglossus were in part destroyed : the vagus and glosso-pharyngeua 
were compressed^t with loss of voice and of the power of articulatiQa, 
and with dysphagia.^ The same phenomena occurred in another 
case, Vith red speckling and great soitening of the medulla oblongata 
after a fracture of the first cervical vertebra.§ Several similar ob- 
servations of loss of speech and of the power of articulation, wbh 
sofkening of the medulla oblongata to near the pons Varolii, || or of 
the inferior part of the pons, in which, consequently, the ooipon 
olivaria must have participated, occur in the same author.^ Urns, 
likewise, we have a case of difficulty of speech with induraticm of tiie 
medulla oblongata,''^ from which Olivier infers, that in affecti<»i8 tif 
the medulla oblongata speech is lost ;tt he was not, however, awaie 
of the importance of the corpora olivaria in this re8pect4t 

Two cases, communicated by Cruveilhier, are still more important 
in this point of view. The one was that of a lady, aged thirty-aeveB, 
who, from some unknown cause, had for six years been paralysed in 
the legs ; the paralysis had originally begun in the left, and had sdb- 
sequently attacked the right leg. For the last two years she was 
under Gruveilhier's observation in the Salpetri^re. Latterly, the 
paralysis had also invaded the arms ; the sensibility of the parts was 
not diminished ; the intellectual powers were unimpaired ; but one 
of the principal symptoms was difficulty of articulation. Cruvealhier 
says : — " Elle souriait it mou approche et me saluait avec expresffion; 
mais quand je lui addressais la parole, elle ^tait prise d'une imotidn 

• Traits des Maladies de la MoeUe Spiniire. Paris, 1837, 3* edition, t 
II., Obs. 123, pp. 382 et seq, f ^ <^*t t. I., p. 460, Obs. 52. 

X I e. p. 457. $ /• c. t I., pp. 400 et seq., Obs. 39. 

II Lc. t II., Obs. 97, p. 187. 

f /. c. t. II., Obs. 109, p. 310, Obs. HI, p. 315. 

••Let. II., Obs. 126, p. 398. f f T. I., p. 365, t. II., p. 423. 

tt The case from Professor Oppolzer's KUnik, commuiiicated by Rom- 
berg, also belongs to the same class. In this instance the power both of 
swallowing and of speech was lost, and, in addition to the existence of ft 
grey tuberculous mass in the left half of the pons Varolii, the left side of 
the medulla oblongata, from below the pons to beneath the origin of the 
vagus, was found firmly adherent to the base of the skull, while a portion 
of lardaceous tubercle, of the sise of a pea, had penetrated into the super- 
ficial substance of the right corpus olivare, compressing the hypoglossal and 
facial nerves. Romberg, Lehrh. der NervenL, 1846, 1 B., 3 Abtfa., p. 814. 
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diiBdle ^ RDdre. Elle ron^issur, luit, jdjennh, ses membres et 
Km tranc ^taient nias de moaToneiis inTolonuires, qui la fidsadent 
^agiter sur a dniae pereee ; les miucks fticiaiix agites de giimaces, 
ct Fartkiilatioii des sons beaaccyiip plus difficile que lorsqa'eDe etait 
ferame de eet tet de tnmble. I>a reste, eUe finissait par se hm 
entendre. La dilBnilte dans faiticalation des sons tenait smtont 
anx moovemens de la langne, qni n'r pienait presqne aucune part. 
Dentition difficilr, oe qui sopposait une diminution dans Taction 
nmscolaire de la langne eC de Tarriere bouche. Point de cephalalgie, 
jamaia de o^haUgie. La malade entendait ii merveille, mais elle 
ae plaignait d'avoir la Tue tres-affaiblie. 

''Cinq moia avant sa mort dep^rissement notable, fievre, respira- 
tion fr^uente, toux incomplete, jamais suivie d'expectoration ; d'oii 
CDgooement des bitmches, qui se d^barrasseut par momens. L'arti- 
nlation des sons derient tr^difficile, de meme que la deglutition. 
Uintelligence persiste jusqu'au dernier moment/' 

At the poMt^marlem examination, Cruveilhier found, besides a 
change into a grey condition in tbe crura cerebri, that the great com- 
nnasore, thalamus and fornix, and the corpora pjramidalia in the me- 
doDa oblongata were also grey. The left corpus olivare was healthy, 
the r^t was, like the parts above mentioned, grey, except a little point 
on its upper surface, which still appeared as an insulated spot of 
white. The corpora restiformia had undergone a similar alteration. A 
tanaverse section through the centre of the corpora olivaria showed 
Alt tiie grey change had invaded the entire thickness of the corpora 
pjxamidalia and of the right corpus olivare, with the corpora resti* 
flmnia. The roots of the nerves arising in this situation, namely, 
ihooe of the hypoglossus, the vagus, and glosso-pharyngeus were grey, 
and externally appeared to be reduced to the neurilemma.'^ 

The following case, likewise communicated by Cruveilhier, is, 
however, still more important. 

A child, of four years, had Men into a state of such general weak- 
ness that he could not stand, and had to be carried or laid on a bed ; 
he could, however, move all his limbs, but could not guide his move- 
ments with precision, nor could he exercise any force. Deglutition 
was very difficult, especially of fluids, only a small quantity of which 
reached his stomach, while the rest w as rejected by the mouth, and 
sometimes through the nose. The articulation of sounds was ex- 
ceedingly slow ; the voice was low and stannnering ; the little patient 
* Cmveilhier, Anai, Pathof,, Livr. 32, p. 22, PL II., Fig. 4 O. D. 
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still articulated distinctly, but only syllable by syllable; the re- 
spiration was slow, often oppressed and sighing, and in a recumbent 
position was impossible, even when the head was supported by several 
pillows. The intellectual powers of the child were developed very 
much beyond his time of life ; nutrition was perfectly weH performed, 
the patient being even stout and fat. The illness was the result of 
convulsions, with which the child had been attacked three years 
previously, and which had since returned repeatedly at irregular 
intervals, causing him to be considered epileptic. Five or six months 
later he died asphyxiated, although in the full possession of his in- 
tellect, but no longer able to utter a sound. 

On examining the bofly, Cruveilhier found both corpora olivaria 
as hard as cartilage ; in other respects they exhibited no change, nor 
was there any abnormity of colour or extent; one of the crura 
cerebeUi (the author had forgotten which) and the tubercnla 
mammillaria participated in the induration; the entire of the re- 
maining cerebral mass was sound. He was able to examine only 
so much of the medulla oblongata as could be taken out by the 
foramen magnum ; the medulla was perfectly healthy below, and at 
the sides of the corpora olivaria.* It is to be regretted that in so 
remarkable a case no more accurate examination could be made 
as to the exact limits of the lesion ; neither does Cruveilhier state, 
whether decided paralysis of the tongue was present or not. 

The case, however, taken in connexion with others, proves a great 
deal, as the affection was so definitely circumscribed in the two 
corpora olivaria ; and I am, in fact, much surprised that Cruveilhier 
has not drawn from it any inference as to the connexion of t^ 
corpora olivaria with the articulation of words, as well as with 
deglutition. 

A case of a very acute affection of the corpora olivaria, observed 
and communicated by C. C. W. Maudt, Officer of Health in the 
Dutch Indies, also appears to me to be of extreme importance.t 

A native gunner under treatment in the Hospital, was bitten, 
while out for the purpose of evacuating his bowels, by a serpent 
called by the natives, Oeloer. Scarcely had he returned to his 
sleeping place from which he had risen, when he became giddy, fell 
in a faint, and in ten minutes had lost the power of swallowing. 

• Cruveilhier, /. c, Livr. 35. Maladies de la protuberance annulairef p. 2. 
t See Geneesk, T^d$chrift voor Neirl, Indie, V. Jaarg. Afd. V. en VI., 
p. 956. 
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BQated fiqnid ammonia pm into his Ejoaih &>Tcd oci agiii: nixcd 
with aaliya; tiie oemcal mosdes, and e^^ciallT ihose ci tbe Larrnx 
and OS hyoidesy were sdff and tense ; re?pinnoB t&s hboored &nd 
fldghing. 

There was toial Ion rf speech viih unimpaired conscionsijesi? : ibe 
patient at eveir qnesdon applied his hand to his thnut, as if to 
signify that the part was constrxcied ; the piilse was Terr slow, 59, 
small, weak ; the skin was cold. 

A small and superficial wonnd, which perforated only the epide*- 
misy without any discoloration or swelling of the surrounding parts, 
was with difficnltr discorned. This wound was immediatek cut 
out. On account of the inabilitv to swallow, no internal remecries 
could be given; but external derivants, rubbing the neck and threat 
with caustic ammonia, creosote, blisters, inhalations of chloroform, 
were all in vain ; respiration became more and more difficult, and 
death occurred in four and a half hours afier the receipt of the 
uqury. 

Post-mortem examination four hours after death : — 

Enormous tume£Eu;tion of the whole body from emphysema. No 
local phenomena in the neighbourhood of the wound. 

Head. — Great distention of the sinus of the dura mater ; extra- 
wdinarj development of the blood-vessels under the arachnoid; no 
particular change in the cerebral substance ; slight increase of serous 
Said and collapse (?) of the choroid plexuses in the ventricles. 

The medulla oblongata was greatly congested under the arachnoid, 
mpeciaUjf between the corpus olivare and corpus restiforme. Its 
internal texture was perfectly normal ; the spinal cavity presented no 
morbid changes. 

Thorax. — Qreat rigidity of all the muscles of the throat and neck, 
with strongly-marked hyperemia of their tissue, which was uncom- 
monly dark-coloured. Little oedema of the epiglottis, perfect closing 
of the glottis, the mucous membrane of the larynx and traclien 
pale and covered with thin mucus. 

This case is extremely important in many respects, as well because 
the first commencement of the symptoms was observed by a well- 
informed physician, as on account of the post-mortem examination 
having been performed so soon after death, by which the phenomena 
witnessed during life seem to be completely explained. 

In this instance, also, the only actual abnormity was the great red- 
ness of the medulla oblongata about the corpara olivaria, and the 

m2 
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accompanying hyperemia and tension of the cervical muscles, whicli 
are supplied by the accessory and hypoglossal nerves. Now, as this 
condition appears to have been alike on both sides, we can scarcely 
avoid inferring, that the corpora oUvaria were affected, whereby the 
nuclei of these two nerves were injured, particularly in their bilateral 
relations, and consequently the powers of deglutition, voice and speech 
were completely lost. 

Lastly, we may add the testimony of Pinel, who says, that as 
alterations of speech are characteristic in general paralysis, and 
changes in the corpora oHvaria are equally constant, the latter organs 
must be connected with the articulation of the sounds formed im 
speech, and consequently with the development of voice.* 

Many cases of impairment of speech occur in various writeea^ 
which I might bring forward in confirmation of the opinion I have 
advanced, where the medulla oblongata or the inferior portion of 
the pons Varolii was hardened^ or softened, or in some other way 
affected, but in which reports the corpora olivaria are not expressly^ 
or are only cursorily mentioned ; although it is not to be doubted^ 
that the impairment of speech was fairly attributable to their morbid 
condition.t 

* Siancei de VJcadhnU de JMSdecme, Sept 1854, quoted in the Neut, 
Medic, Chir. Zeilung, 7 Feb., 1855, p. 116. 

As I have not had the opportunity of reading this Essay, I cannot fairly 
judge of the premises whence Pinel draws this inference. I have, indeed, 
in my third case, reported above, found this view confirmed, but without a 
microscopic examination I should certainly not have ventured in thai 
instance to infer a definite abnormity in the corpora olivaria or in the m^ 
dulla oblongata in general, as formerly, in dissections of such cases, I haTf 
not remarked any change in the corpora olivaria. However, these obsev* 
vations of Pinel, and my conclusions previously formed on anatomic^r 
physiological grounds as to the use of the corpora olivaria in the articul^ 
tion of the voice, reciprocally confirm one another the more strikingly as 
they were arrived at quite independently of each other. 

t Morgagni, Epist. IX., Art. 25, Plura corpuscula per medullse oblongat« 
crura cum aphonia. Epist, XIV., Art 35, softening of the medulla ob« 
longata with aphonia. Epist, LXIL, Art 5, softening, and where, oa 
some pressure, blood issued from the septum and the parts at the side of 
the sixth pair (that is the corpora olivaria), with aphonia. Serres and 
Magendie, Journal de Pht/iioL, t II., p. 178, PI. I., Fig. 2, lett 4. Loss of 
speech with inflammation of the pons Varolii, and of the corpus olivarai 
See also several cases in W. Nasse's dissertation, De Smguku^um CerM 
ParUum Functionibus, Bonnas, 1845, pp. 47 et teq, ; Longet, Anat, et PkffmoL 
du Systime Nerveux, t. I., pp. 406 et seq. 
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We mast, however, in esdmating the vahie of eases with difficulty 
or loss of speech from a central cause, distinguish those in which the 
pecnliar mechanism of the movements of the tongue necessary for 
articulation is impaired — ^from the diseased condition of the corpora 
oliraiia — ^from those where the cause is situated higher up. 

Thus, many years ago, Bouillaud thought, that impairment of speech 
was to be ascribed to an affection of the anterior lobes of the brain, in 
opposition to which Pinel stated, that in several cases of difficulty of 
^eech no morbid changes were discoverable in the anterior cerebral 
lobes.* Bouillaud has, however, correctly remarked on this point, that 
we must carefully distinguish the examples in which the memory of 
words was paralytically lost, from those in which the mechanism of 
expression was impaired from paralysis of the tongue ; as he had 
spoken only of the former cases of loss of memory of words.t 

This lesion of speech occasionally occurs, where the patients have 
forgotten the signification of words and designate a thing by a term 
which has not the least connexion with it. Generally speaking, the 
patients are quite aware that they are using a wrong word ; such 
instances I have often observed : if we suggest the term intended, 
they inunediatdy recognise it, and rejoice at having recovered it.:( 

There is, however, a third cause of loss of the power of articulation 
and of speech, which must be borne in mind in the examination of 
affisctions of the brain. 

* Pinel and Magendie, Journal de PhyBioL^ t V., pp. 340 et »eq. 

f Magendie, Joumalf L e. U VI., pp. 19 et teq. See a very remarkable 
instance of this recently recorded, where, in consequence of a wound, a 
bony splinter from the os iVontis, above the left eye, compressed the 
anterior part of the hemisphere, subsequently causing loss of speech^ 
which fkculty was completely regained after the removal of the fragment 
hj the trepan. — Gaxette MStUcale de Parit, 1857> No. 36, 5th September, 
p. 567. 

t Marc6 has recently collected several cases of loss of the power of 
Bttering words, or of combining sounds to form words, and even of the 
loss of the power of writing, and has attempted to show that the organ for 
these psychical combinations is situated in the cerebrum. See Gaxefte 
MSStemkf 1856, Nos. 48 and 50, December, pp. 777 el seq. A case of this 
kind OGcnrred to me some time ago, in a person who constantly used a 
different word iVom that he wished to articulate ; although he was perfectly 
oonsdons that the word he uttered was not the right one, and was, in con- 
sequence, firetfhl and dqected. To my amazement, he was unable to read, 
even with large printed letters ; and he was equally unable to write ; the 
letters he placed upside down, or made illegible figures, although as an 
experienced merchant he had been able to read and write very well. There 
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Thus^ we regard the corpora olivaria merely as auxiliary organs, 
or auxiliary ganglia, which, by their connexions with the nuclei of 
several nerves of the medulla oblongata, bilaterally produce a number 
of combinations of muscular movements. To these belong the com- 
binations required for the articulation of words, for which, especially 
the hypoglossus, and partly, also, the facial nerve, likewise connected 
with the corpora olivaria, must be excited. We by no means, how- 
ever, consider the corpora olivaria to be organs whereon our will 
directly acts ; this takes place, I am convinced, chiefly in the corpora 
striata, an injury of which is also invariably followed by paralysis. 

Therefore, if these organs, on which the will appears more imme* 
diatdy to act, be disturbed, paralysis of the tongue and* neighbouring 
parts renders the utterance of words wholly impossible. In slighter 
d^rees of affection^ inflammation of the pia mater in the ventricle^ 
above the corpora striata, with more or less softening, I saw stam- 
mering and difficulty of utterance produced in mania idiopathica.* 

Hence it woidd appear, that the medulla oblongata and corpora 
olivaria may be perfectly sound in cases of loss of speech, without 
our being justified in supposing that they are not^most intimatdiy 
connected with the mechanism of speech and the articulation 
of words. It is self-evident, that in affections of the pons Varolii, 
with loss of speech or voice, of which many cases are on record, 
the lesion may have destroyed the conducting filaments connect- 
ing the corpo raolivaria with the parts situated higher, as corpora 
striata. 

was no defect in his sight, but he had lost the faculty of combining letters 
BO as to form a word, and consequently, could not indicate his name. It 
appeared to me very strange that he retained the power of adding up 
figures. As in many cases quoted by Marc^, the tongue was not paralyied 
in this instance. The defect in this patient was evidently situated in the 
cerebrum, and I readily admit, with Marc6, the existence of a combinatiye 
organ for these pyschical operations in the brain, but we are still far from 
being able to define with certainty the exact situation of this organ, 
although it is probably to be sought under the os frontis. 

• To show this connexion between the corpora striata and spinal cord, 
it is scarcely necessary to quote the observations of Turck, that after 
apoplexy in or about the corpora striata, granular cells form and follow 
the course of the fibres in a downward direction, so that they are met with 
in the spinal cord, below the decussation, on the opposite side Irom the 
seat of disease in the brain. See ZeiUchrift der k. k. Gesellsehaft der AenU 
xu Wieriy January, 1850. Also in Donder's Lancet f 1850, 5* Jaarg., pp. 584 
et seg. 
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the defect lies in the nuclei of the nerves themselves. 
Of this a very remarkable example occurred to me not long ago, in 
the medulla oblongata of a maniac, who, in consequence of long-con- 
tinued idiopathic manias had fsdlen into a state of complete dementia, 
and began progressively to stammer, his speech at last becoming at 
times nearly unintelligible ; he was also affected in his deglutition, 
which became difficult. Besides the results of inflammation of 
the pia mater on the upper surface of the brain, I found, in the 
medulla oblongata, the ganglionic ceUs in the nuclei of the hypo- 
(^otsos, and also partly, although not so numerously, in those of the 
aooesBory nerve, in a state of blackish-brown degeneration, which I 
it first mistook for little points of blood. On closer examination, 
however, it appeared, as Professor Nasse of Giessen, who was acci- 
dentally with nie> also observed, that they were degenerated ganglionic 
cells. On many we could distinctly recognise the external neuri- 
lemma^ passing over into the filaments. Among these dark ganglionic 
cdls, which appeared quite filled with granular, very dark-brown 
pigment, we could discover some lighter-coloured and some healthy 
cells. In the rest of the medulla, and in the corpora olivaria, similar 
morbid ganglionic cells did not exist ; the colour was much darker 
than sometimes occurs in very old persons, and the cells were quite 
filled with the colouring matter. In this case, therefore, the stammering 
and difficulty of swallowing had probably arisen firom disease of the 
ganglionic cells in the nuclei of the hypoglossal and accessory nerves ; 
but as the ganglionic cells were not all degenerated, the paralysis was 
not complete. The cause of the latter is consequently not invariably 
situated in the corpora olivaria ; in partial destruction of the nuclei of 
the hypoglossal and accessory nerves the effect must, however, be the 
tame, as the corpora olivaria in this case cannot excite the latter to 
action. The statement of the younger Pinel, which I have above 
quoted, that in the stammering of mania the corpora olivaria are 
always degenerated, is therefore not correct.* 

* These morbidly affected parts may be very limited. In this respect, 
a case communicated by Dr. Panthel is remarkable, of a youth of twelve 
years, who, in consequence of violent mental emotion, had suddenly 
lost his speech and voice, although he could make all the motions of 
the tongue and lips regularly, and in all possible directions ; deglutition 
and respiration, too, were quite free. Every attempt to speak, however, 
immediately produced spasms in the muscles of the larynx, governed by 
the hypoglossal nerve, in the stemo and hyothyroid and sternohyoid 
muscles. On compressing these parts with the hand, the spasms were 
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Perhaps we may refer to the central causes in the brain and 
corpora striata, a case communicated by Andral, of an old womaii^ 
who, in consequence of an attack of apoplexy had lost her speech, 
while she perfectly retained her intellectual powers. There was in 
her case paralysis of the tongue, without any other lesion <d motioH 
or sensation. 

In this case, on the postero-external surfiace of the left oorpoa 
striatum and in the centrum ovale of Yieussens, on the right side, 
two very much softened and discoloured spots were found, while all 
the other parts of the brain were healthy ."^ In most instances!, ^bh: 
central affection is not limited exclusively to the corpora striata, hoi 
extends also to the neighbouring parts, for example, in the centnim 
semi-ovale of Yieussens, through which the fibres connecting the 
corpora striata with the convolutions and cortical substance pass; 

instantly controlled and the speech restored. See Geneeik, CouratU of the: 
16th December, 1855, No. 50, translated from the Deutsche KUmk. 

Hence it appears that the ganglionic cells of the hypoglossal nerve, 
which minister to the motions of the tongue, were undisturbed, but tiie 
centres by which the bilateral combinations for speech and voice are 
governed, were morbidly affected, while those for deglutition and respira- 
tion were sound. 

A second case lately sent to me by Dr. Roell, was that of a woman aged 
twenty-eight, who, within two years, had become epileptic and quite silly. 
She spoke indeed, but there was in her tone and accent something strange, 
which she could not control. The sound of her voice varied without any 
reason nearly an octave up and down, and often ended in a sharp, high, 
discordant tone. Latterly, both speech and deglutition were difficult, 
apparently from paralysis of the right side of the tongue. In this case, I 
found atrophy of the right corpus olivare and likewise scattered dark 
ganglionic cells in and around the nuclei of the hypoglossi, especially that 
of the right hypoglossus. The entire medulla oblongata had fallen into a 
state of decided fatty degeneration. In the fits, the patient often bit her 
tongue. It is not probable that the dark degeneration of the ganglionic 
cells, was of very recent occurrence, though this would certainly closely 
correspond to the symptoms above detailed. 

On the 10th of February, 1859, I had an opportunity of examining 
the medulla oblongata of an epileptic patient who died in a fit, and who 
had never bitten her tongue; in this instance, however, an apoplectic 
attack had occurred some time previously, with degeneration in one cor- 
pus striatum. It was remarkable, that on this side the materies nigra 
in the crura cerebri had become perfectly orange-coloured. I found 
also, in the nucleus of the hypoglossus, some dark cells similar to those 
above mentioned. The speech, too, had in this case been affected. 

• Andral. Clinique Medicale, Chap. IV., Observ. XVII. 
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a cbange which may be attended with paralysis of the tonjpie and 
loss of dpeech.* 

!Rrom the foregoing, I think we may reasonably infer, that the 
corpora olivaria are to be regarded as auxiliary ganglia, which, by 
their mniiial connexion, produce a bilateral action, and by their 
intimate connexion with the nudei of the hypoglossi, develop, while 
their influence on other nerves is undiminished, the numerous com- 
binations required for the articulation of words. This view is 
greatly confirmed, both by my own pathological observations of 
allMtions of the corpora olivaria with loss of speech, as well as by 
those derived from the works of other authors. 

Hence too, we can explain the greater size of the corpora olivaria 
in man than in other animals; and at the same time we obtain 
a proof, that these organs also discharge other important functions, 
and bring into action complicated muscular movements, as I shall 
endeavour more folly to point out in the two following chapters. 

• See many examples of this in Lallemand, Beeherches tur PEncephale, in 
the index under the word Aphome, 
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CHAPTEE VI. 

ON THE COBPORA OUYABIA IN ANUCAU. 

I HAVE already remarked, that the corpora olivaria in ftnimalw are 
much smaller than in man, and that they occur only in the mamma- 
lia. This observation is to be found in several authors^ although, so 
far as I am aware, the subject has not been accuiatdj investi- 
gated. 

Serres describes olivary tracts not only in the mammalia, but also 
in birds, reptiles and fishes."^ He, however, acknowledges, that the 
grey substance of the corpora oli?aria occurs only in the mammalia, 
and that it is much less in apes than in man ; but, according to the 
order in which he names the animals^ it would appear as if they were 
larger in the Cetacea and Phocse than in the Euminantia and Bo- 
dentia ; in which last, according to him, they are no longer plaited.t 
It is, however, well known, how little reliance can often be placed 
on these investigations of Serres. Magendie and Desmoidins assert, 
that in the ruminautia and the pig the cor{)ora oUvaria no longer 
exhibit any trace of a corpus dentatum.t 

Rolando says, that after a careful examination of the place where 
the corpora olivaria should be situated, he thinks he can assert, 
that it is impossible in the cow, pig^ sheep, and goat, to find any* 
thing at all resembling the yellow plaited or dentated lamina of the 
corpus olivare to be seen in man. Sometimes it is even difficult to 
see the tubercula olivaria externally. § 

According to Tiedemann the corpora olivaria in the orang- 
outang are very large, five lines long and one and-a-half broad. || 

• Anatomie comparee du Cerr»»au, Paris, 1826, t. II., pp. 197 et seq. 
t /. c. p. 196. 

I Magendie et Dedinoulins, Anatomie de» System, Nerveux de» Animaux i 
Fertebret. Paris, 1825, t. I., pp. 226 et seq. 

§ Magendie, Journal tie Phytiohgief t. IV. p. 337. 

II Untertuchungen ueber die Natur des A/enschen, Zeititchrift fur Physiol^ 2 
B., p. 22. As this measurement, however, is taken only from the external 
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In the Ghimpanzee I found the corpora olivaria much smaller^ only 
two French lines in lengthy and very slightly prominent. 

Of the semnopithecus nasicus^ Tiedemann says : — " Olivse vix pro- 
minentes/** Also in the lemur mongos they seem to be very small.t 
Tiedemann states^ that in the lion the corpora olivaria are so small that 
they are not visible externally ; but that he has, however, seen them 
in the centrum4 In the cavia aguti, he says, they do not project 
externally ; but that internally there is a grey mass, that gives the 
appearance of a corpus dentatum.§ In the phoca he found the cor- 
pora olivaria so small that he could scarcely discover them,|| which 
is.oonfinned by W. Yrolik.^ In the dolphin, according to Tiedemaon, 
die corpora olivaria exhibit no external elevation ; but internally he 
found enclosed in the medulla an accumulation of grey substance 
(corpus dentatum oUvae.)** According to Cams, they are remarkably 
large in the dolphin, in which he finds an approximation to the 
hnman brain, ft 

Cuvier speaks only very briefly of the corpora olivaria, stating that 
in the bear they exhibit scarcely any elevation, and that in the lynx, 
the melaB and phoca they completely coalesce with the corpora pyra- 
midalift, and can be distinguished only by the line of origin of the 
twelfth cerebral nerve.:t:t 

On the whole, the corpora olivaria have attracted very little atten- 

tweUingy and is therefore very indefinite, we cannot rely on it with cer- 
tainty. In the drawing given by Tiedemann of the brain of the orang- 
outang* from which he has taken his measurement, the corpora olivaria 
amount scarcely to four French lines, of which standard Tiedemann has 
made use. 

According to Valentin, the corpora olivaria in man are five Parisian 
Ibm in length and three in breadth. See Him- und Nervenlehre, p. 234. 

• Tiedemann, Icones Cerebri Simiarum, etc, Tab. IV., Fig. 6, p. 27. 

fLe. Tab. IV., Fig. 2, W. Vrolik and I found them very slightly arched 
in the stenops. Beeherches tTanat, comparie sur le genre Stenops d'lUiger 
m Bfdragen tot de Dierkunde, uitgegeven door het Genootschap Nat, Art. 
Mag, 2* Afl., p. 31. Amsterdam, 1851. 

iLc. Tab. III., Fig. 4, </ rf, p. 21. § /. c. Tab. IV., Fig. 12, p. 30. 

II L e. Tab. II., Fig. 8 c c, p. 16. 

^ W. Vrolik, Specimen anat, zoologicum de Phocit, 1822, p. 57. I have 
nnce found the corpora olivaria in the phoca not smaller than in the ass. 

•• ZeUichrift fur FhgsioL, t. 2, p. 254. 

ft C. G. Cams, Fersuch einer Darstellung des Nerventyttemty Leipsic, 1814, 
p. 244. This is so strange that a confirmation of the observation appears 
to BM to be very necessary. 

%% Ltpmi tTanaiomie comparie de Cuvier, 2 edition, Paris, 1 845, 1. 1 1 1, p. 1 05. 
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tion, and so fiir as I am awaie^ have not been accoratelj mioo- 
scopically examined in animals. 

Having, however, endeavoured to show, especially from nnmerons 
pathological observations, and also from the close connexion between 
the corpora olivaria and the hypoglossal nuclei, that these bodies 
are to be regarded as auxiliary ganglia for the numerous motions of 
the tongue in the articulation of speech, I thought it of the greaterf 
importance to trace accurately the difTerence between them, as thej 
occur in man and in animals. Indeed, their presence in the mam- 
malia distinctly shows that they cannot serve exclusively tat die 
articulation of words, which is peculiar to man alone, but that 
they must be closely connected also with other fonctions. Hus 
appears even from their situation in the human subject ; the cor- 
pora oUvaria reach much higher than the roots of the hypoglossal 
nerve, even to the inferior boundary of the pons Varolii,* and 
as far as the root^ of the facial nerve; their superior part cannot^ 
therefore, be connected with the hypoglossus, but must be subser- 
vient to other functions. 

In my first examination of the corpora olivaria in a cow, I was 
very much surprised to find, in transverse sections, under the mi- 
croscope, no trace at all of corpora olivaria in the situation where 
they occur in man; until I observed that, while the hypoglossal 
nerve in this animal arises much lower down, the corpora olivaria arc 
in like manner, placed in the situation of the origin of this nerve, but 
possess only few convolutions. It, however, struck me as remaik- 
able, that in these animals I found the corpora olivaria situated 
between the hypoglossus and the septum or raphe of Stilling, 
behind the corpora pyramidalia, while in man they are, for the 
most part, located externally to these parts. 

Now on examining the whole medulla oblongata more accurately, 
I discovered to my surprise that in these animals two corpora olivaria 
exist on each side, the one very high, immediately under the pons Va- 
rolii, on a level with the facial and abducent nerves, and situated to the 
outside of the course of the latter, and a second, much lower, but 
placed to the inside of the trunk of the hypoglossus, without any distinct 
communication being traceable between these two corpora olivaria. 

For such reasons I thought it important to examine accurately 
and compare the latter organs in several animals.t 

• Stilling, Pom Farolu, Tab. I. 

1 1 gladly take this opportunity of returning my special thanks to 
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In two apes (theCercopithecus cynomolgus and Cynocephalus pa- 
pio)^ I found the corpora olivaria single on each side, just as in man. 
They are here, although smaller, still tolerably well-developed; they 
also exhibit a hilus and several convolutions ; they commence high 
up in the medulla, between the facial and abducent nerves to the 
outside of this last nerve, or, if we will, to the outside of the corpora 
(jramidalia,while the upper part of the corpus ciliare in man,is, for the 
most part, situated more internally, behind the corpora pyramidalia.**^ 

They extend also in apes to the inferior roots of the hypoglossus, 
cf which some fasciculi, just as in man, perforate the corpora olivaria ; 
others are, in this case likewise, situated to the ioside of the latter. 
Here, also, therefore, accessory nuclei occur on a level with the 
hypoglossus, especially on the inside. 

The dose connexion .between these corpora, olivaria and the hypo- 
g^oesus is, in this instance also, very evidently seen to take place 
thzoogh numerous fasciculi of fibres, by far the majority of which 
pass into the external marginal fibres of the corpora olivaria ; some 
few, also, go inwards into the hilus, and thereby, although they are 
less developed, agree very closely with those connecting fibres be- 
tween the corpora olivaria and the hypoglossal nuclei, which I have 
pointed out in man,t the pedunculi olivae of Leuhossek. 

Hence it appears, that these fasciculi — ^which, however, in apes 
appear in a few sections only, as closely connecting filaments between 
the corpus olivare and the hypoglossal nucleus — are subservient to 
other fiinctions than the articulation of the voice, as I shall subse- 
({Dflntly endeavour to show. These fasciculi do not occur in other 
mammalia, although in those also the corpora olivaria are inti- 
mately connected with the hypoglossal nuclei. 

In all the following animals examined by me, as the cat and dog, 
as ^rpes of beasts of prey, and also in the paradoxurus musonga : 
forther in the rodentia, as the rabbit and cavia aguti ; in the herbi- 
▼ors, as the horse, the ass, the cow, double corpora olivaria occur, 
namely, two on each side, the superior of which is situated imme- 
distely on a level with the origin of the facial nerve,:t between this 

Westerman, Director of the Zoological Garden at Amsterdam, for his 
lr| yi<ifiA— in complying with my request and sending me several animals, 
whereby he has enabled me to pursue this investigation. 
• Stilling, Potu. raroUi, Tab. I., 8. 

t Fig. 1, i, q, p. 

X iig. 11 i, in the cat; Fig. 4, p, ^, in the calf. The height I have in- 
,dieated in Fig. 8, in the dog ; Fig. 9, in the cat ; Fig. 10, in the ass a a. 



174 THE CORPORA OLIVARIA. 

nerve and the abducent, that is. somewhat more outwardly. Thev com- 
mence with the first traces of the facial nerve and disappear in lower 
sections, where these roots also cease to show themselves. Thev differ 
in extent, however (as we shall more fully see), in different animals. 

Without being in any direct connexion with these corpora oUvi. 
ria, which from their situation I shall call corpora oUvaria superior 
or externa, others are placed lower down, but are situated much 
more to the inside and adjoining the raphe, mostly behind the con 
pora pyramidalia.'^ These last commence and terminate with tlie 
roots of the hypoglossus, to the inside of which they are located, 
several roots of this nerve penetrating through the middle of the 
corpora olivaria. With the inferior roots of the hypoglossus these 
corpora olivaria also tenninate, aTid, so far as relates to their latenl 
situation, therefore, coincide most closely with the inner accessory 
nuclei or corpora olivaria of man ; although the latter are smaller, 
and are properly only ramilications issuing from the corpus ciliare. 

In their internal structure, both the superior and inferior corpora 
olivaria quite agree with those of man; they both possess an innu- 
merable multitude of very small multi-polar cells; they are similarly 
bounded by marginal fibres, which are connected with these cells, and 
r.idiatc externally in various directions ;t they make, however, a 
nnich smaller number of convolutions than in man, and present 
(mly a feeble trace of hilus. Although there are no such thick 
connecting fibres (pedunculus oliva») as in man, there are, in the de- 
cussating network of fibres, very many rays or radiating fibres erf 
Stilling, which connect these corpora olivaria with the nnclei situated 
on the floor of the fourth ventricle, namely, the superior with the 
nucleus of the facial nene, J the inferior with the nucleus of the hypo- 
glossus. § 

The superior are situated beliind the so-called trapezoid body, 
beneath the pons Varolii, || the transverse fibres of which pass through 
the anterior part of these corpora olivaria to unite more or less with 
their marginal fibres, and are thus connected, through the raphe with 
those of the other side.^ From the marginal fibres too, more poste- 
riorly, several fibres radiate in a transverse direction, towards the 

* Fig. 12, behind it, 6, in the cat. Sec the height in Figs. S, 0, and 10 
h h, 1 Fig. 2 k, Fig. 1 1 k, 

X Fig. 2 J, Ir, c^ with the nucleus of the facial ucrve in the cat; and 
Fig. 4 p^ q,f, in the calf. § Fig. 12 k, d. \\ Figs. 8, 9, 10, a a. 

S Fig* 4 9, f», a ; Fig. 11 it, a. These fibres of the corpus trapezoides 
radiate tranaverBely through the raphe ; in the cat they cover almost com- 
pletely the longitudinal fibres of the raphe. Fig. 2 a, also Fig. 4 a. 
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nphe.* They are themselves interwoven with rerr minute fibres, 
moB&j in a transverse direction.f 

The inferior consist of three bodies, placed obliqaelv and adjoininsr 
one another, which are sitnated in an obliqne direction behhid the 
corpora pyramidalia. They are.mnch more strongly interwoven with 
tiansverse fibres belonging to the fibre arciformes, and thus exhibit 
a striking similarity to the inner corpora olivaria or accessory nuclei 
in man.l 

The superior corpora olivaria vary, however, considerably in differ- 
ent animals ; I have found them most highly developed in the beasts 
of prey, as the dog and cat, as also, though somewhat less so, in the 
paiadoxums musonga. They are smaller in the rodentia, the rabbit, 
and the Cavia aguti ; still smaller in the herbivora, the calf, horse, 
and especially the ass, where they are very slightly developed, lie 
Hiore anteriorly in the corpus trapezoides, and consist at most of two 
or three oval nuclei, which, on a snperficial inspection, might easily 
be overlooked. 

For these reasons I have made an accurate drawing of them in the 
eat and calf. 

We see them as they are in the cat in Fig. 11, i, L^ At the 
inner side^ two roots of the abducent nerve, i, d, are visible. The 
corpora olivaria here form a double cun^e, like an S (see t), a pro- 
eetB being connected with it and situated on the same side, /*, and 
are surrounded by numerous marginal fibres, although they are 
sharply defined from the surrounding tissue. Many radiating fibres, 
which in other sections Were still more numerous, connect these 
eoipon olivaria with the facial nucleus, d, while, as we have above 
seen, other transverse fibres connect them through the raphe with 
those of the opposite side. 

In the calf they are less developed and smaller; they are here not 
■0 coherent, and are divided into three separate bodies, || which, 
alfthough unconnected, nevertheless exhibit exactly the same struc- 

• Fig. 4 and 11. f Fig. 4 p, q; Fig. 11 i, k\ X Fig. 1 k, 

I In this drawing, only a trace of the facial nerve occurs in the nuclcun 
at d. The section was taken exactly between two bundles of the facial 
nerre, where a blood-vessel, /, is visible in its course ; in higher, and parti- 
eqlarly in lower sections, numerous roots of the facial were again visible. 
I may take this opportunity of observing, that above and below the course 
of a nerve in the medulla oblongata, especially of the abducent, facial, 
l^so-pharyngeal, vagus, and hypoglossal ncr\'es, a blood-vessel is usually 
■Unsted, which follows the course of the nerve into the nucleus. I shall 
subsequently show the importance of this. || Fig. 4, p, q. 
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tare. But in some sectionB the two smaller, q, were oonnected and 
formed but one fold. From the top of these two, fibres also radiate 
anteriorly into the trapezoid hodj,jp, q,/, and are connected by maigr 
radiating fibres with the facial nucleus. On the outside, acmis- 
what more posteriorly, we see again two groups of nuclei, or 
ganglionic cells, which, however, do not belong to the coipom 
olivaria, are distinguished from the latter by very lai^ multi-poiar 
ganglionic cells, and belong to the facial nervC^ These also are of 
general occurrence, though they are not always found exactly cm a 
level with the corpora olivaria; most usually they are a little above 
the facial nerve. To this point I shall again advert 

As I have remarked, these superior corpora olivaria are covered by 
the transverse fibres of the so-called trapezoid body,t which fom 
very thick fasciculi, and unite through the raphe with those of llm 
other side. In its transverse course the trapezoid body surrounds 
the facial and auditory nerves, and appears to be closely connected 
with the latter nerve. Serres, however, shows from several compui- 
sons, that this trapezoid body bears no fixed relation in size to the deve- 
lopment of the auditory nerve, the latter being, in some animals, largi^ 
where the trapezoid body is small, snAvice versd.X On the contni]^ 
this body appears to be broader, in proportion as the pons Varolii is 
slighter in animals.§ Sometimes a trace of it occurs also in maiuU 

The other or inferior corpus olivare varies much less in size and 

shape in different animals, so that I have been unable to observe 

anything characteristic in it. As we have above seen, it lies to the 

inside of the hypoglossus behind the corpora pyramidalia,^ and is 

connected both with the nucleus of the latter by radiating fibres, and 

with the raphe by transverse fibres. The radiating fibres are vay 
numerous, especially in the rabbit. 

The general opinion is, that the corpora olivaria are wholly wanting 

in birds. I too thought I had seen this established from sevenl 

•Fig. 4,0,/. 

t Fig. 4, j9, q, 0. Fig. 11, C, and Fig. 8, 9, 10. See also TiedemaaSf 
Icones Cerebri SinUarumy Tab. I., Fig. 5 n, in the Simia nemestiina, Tab. 
III., Fig. 4 tf, in the Lion. So also Serres, Anatomie Comparie du CertfeaM, 
Tab. XL, Fig. 231, T. Tab. XIIL, Fig. 249, T, and in several drawings. In 
animals in which the pons is slighter, this body appears more uncovered. 

I Serres, L c, t L, p. 331. § Serres, L c. t. IL, p. 209. 

II Arnold, Icones Cerebri, Tab. 1 1., Fig. 5, b, and Bemerkungen uebtr 
den Bau des GehimSf Zurich, 1838, p. 21. 

t Fig. 12, c, *. 
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fleedons of the medulla oblongata, antil^ on caiefnllT examining a 
80168 of oonsecntiTe sections of the whole medulla oblongata, I found 
that in birds also we meet analogous fonns^ although less daboratelT 
eonstrncted. Thus, on. the level with the hjpc^ossus are venr 
dense groups of ganglia on the front of the medulla, partly to the 
inside, partly to the outnde of the hypoglossus, which, consisting 
of two or even three oval groups of ganglionic cells, are here and 
there confluent, and thus present a complete analogy to the inferior 
corpora olivaria, and abo quite agree with them in situation. But 
tiiey differ in their tissue ; as they are composed of large multi-polar 
ganglionic cells, which in the corpora olivaria are smaller. 

Kmilar, but smaller groups occur on a level with the facial 
nerve, of which one group is situated within the abducent nerve and 
raphe, and another extemaDy to this nerve, consisting of large gan- 
glionic cells, so that we must consider these bodies to be analogous 
to corpora olivaria. 

To what nerves these corpora olivaria are more closely related, 
is a question of especial importance. In man this is more difficult 
to decide, since the corpora olivaria in the human subject extend as 
a continnous tract through the greatest part, or nearly the whole of 
the medulla oblongata, and may, therefore, be connected with all the 
nerves of the medulla. 

In the lower mammalia, the medulla oblongata is, however, extended 
to a proportionally much greater length: the nerves in these stand 
further from one another, and the corpora olivaria, which in man and 
in the apes are connected to form one compound body, are separated 
m these animals into distinct groups, belonging to particular nerves. 
Thus, in all animals, the inferior corpus olivare is contained exactly 
wiUiin the Umits of the roots of the hypoglossus,* and as, especially 
in the dog, and also in the ass, the glosso-pharyngeal nerve^t together 
with the vagus and accessory,^ reach much higher than the top of the 
inferior corpus olivare, we may suppose that this body is in no way 
eonnected with Ihese last nerves. 

The limitation of the superior corpora olivaria may appear some- 
what more difficult ; inde^ three nerves, the abducent, facial, and 

* ThgB. 8, 9, 10, 6 bf 12. I can piarantee the accarary of theji« drawinj^s, 
■t I have determined the relative distances of the nerveti and other part* 
witli a pair of line compassen, which easily show even the one-fiftieth rtt 
a millimetre. 

f Figs. 8, 9, 10, tee 9. t FiffR. H, 9, ro, vt^ 10, 1 1 
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auditory^ occur on a level with these bodies. As thejj however, ne 
yeiy closely connected by radiating fibres excfaisnrelj with the &aal, 
we most assnme that they are snziliaiy g^an;^ of this nerve. 

We shall, therefore, now proceed, after these more pniely anatomical 
considerations, to an accurate examination of the action of the 
auxiliary ganglia. 



RELATIONS OF THE GANGLIA. 



CHAPTER VII. 



or THE fTT*CTIO?lS OF THE CORPORA OLITAEU, AND ON THI IfO- 
PEfiENT AUXILIAKY GANGLIA IN THBIB CONNEUOH WITH THl 
SEVTBAL NKH\-E-NDCLEI. 



81NCR, as we have seen, the corpora olivaria are, in animals, divided 
mto two groups, tbe superior, connected with the facial, the inferior 
iritfa the hypoglossal nexve, I shall now proceed tu examine each 
Kparately, as well as the particular auxiliary ganglia, occurring in 
addition to these hodies. 

With respect, in the first place, (o the superior corpora olivaria, 
thej are, as I have showD, most intimately connected with the facial 
nerre"; but as they are also connected with one another by transverse 
filaments passing through the raphe and through the corpus trape- 
soides, it may be inferred that their influence on the facial nuclei, 
and through them on the nerves, must be bilateral. We have, indeed, 
found, that the two facial nuclei are reciprocally connected on the 
Boor of the fourth ventricle by transverse fibres, while it is still un- 
certaio whether a mutual connexion exists also between the superior 
fibres of the nerve itself, which run directly over the nucleus.* Thus 
to awmre bilateral action, no need of corpora olivaria or accessory 
ganglia should apparently exist. The efiect of these last on the 
facial nuclei can be only an indirect reflex action, whether produced 
by the will, or by other stimuli, while the will, acting directly on 
the facial nuclei, is capable of producing separate movemeuta, The 
tedprocal and close connexion between the nuclei of the facial nerve 
sppcan to me, as I have already remarked, to be related to the bi- 
latersl action of most of the facial muscles ; thus, we usually move 
the eyelids, the alas nasi, and the orbicular muscle of the mouth 
simultaneously on both sides, and as this bilateral action appears to 
teatnnger in animals than in man, we End in the former a corre- 
' tgly greater quantity of transverse fibres, apparently uniting 
thind the nuclei of the facial nerve. 

■ See above, pp. 1I7 tl ttq. 
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To the corpora olivaria would^ therefore, belong the more compli- 
cated actions in the expression of the passions, which may be reduced 
to a species of reflex actions, as in them we bring onr flaoe into 
motion, almost without being conscious of so doing, and particularlj 
as this expression is the same in all men.*^ We may, indeed, volun- 
tarily produce the same movements, and so artificially imitate the 
passions, showing that in this instance the superior portions of the 
corpora olivaria are not wholly withdrawn from the influence of our 
will, and tliat in every case the stimulus will be communicated from 
the brain to these bodies ; but we do this rather by mentally exciting 
in ourselves the feelings we wish to express, than by any special in- 
fluence on the muscles of the eyes, the mouth, &c.t 

The above-described difference between the corpora olivaria sa- 
periora in different families of the animal kingdom appears to me to 
be particularly remarkable. 

Thus we saw that in beasts of prey these bodies are more higfily 
developed than in herbivorous animals. In the latter, the trunk of 
the facial nerve itself is, it is true, very thick and large, but this 
depends upon the extent and volume of the several muscles it has to 
set in motion. But the expression of the passions, especially of 
anger, is much stronger in the faces of the camivora than in the 
herbivora, which, as Bell correctly remarks, scarcely express their 
passions in the face4 In passion, in the bull, the eye sparkles and 

* That these movements of the face in passions, laughing, &c., are, in 
fact, reflex movements, and by no means excited by the direct influence of 
our will, appears among others, from the remarkable case related by 
Romberg, of total loss of all voluntary movement of the face, while this 
patient laughed with all the complicated movements which attend the act 
in the healthy subject. Lekrbuch der Nervenkrankheiten^ 1846, I B., 3 AbtL, 
p. 661. Nor is the opposite case less remarkable, where the voluntary 
movement of the face was imdisturbed, while the reflex motion of the 
right side was lost. Romberg, L c, p. 662. 

fit might indeed appear, that- in man, the corpora olivaria are not in 
connexion with the facial nerve, since, according to Stilling, the superior 
fibres of the latter seem to arise somewhat above the former ; but this is 
not the case. The top of the corpus olivare in the human subject occurs 
in the same sections as the lowest fasciculi of the facial nerve, and is more- 
over, lost in a vertical and upward direction in distinct ganglionic cells, 
apparently in connexion with the nerve. The upper part of the corpora 
olivaria in man, must, therefore, correspond in action to the corpora olivaria 
superiora in animals. 

X Charles Bell, Etsay on the Anatomy and Philosophy of ExpreMsion, 
2nd Edition, London, 1824. 
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ike nostrils are dilated ; but in the carnivora^ the lips are retracted^ 
he canine tooth is bared^ the flashing of the eye is terrific^ and the 
pecnliar snarling expression is presented.''^ The muscles which co- 
jperate in the production of the latter^ called by Bell the musculi 
dhigentes^ are wholly w^ting in the herbivora ; the slight develop- 
ment of the corpora olivaria superiora of the latter^ therefore^ quite 
Minresponds to the trifling degree of expression in the face, lliese 
bodiesi, too^ in the ass^ which has scarcely any expression in its face, 
lie accordingly much smaller than in the bull or cow. 

I have lately had an opportunity of examining the corpora olivaria 
in a seal; I found the inferior corpora olivaria nearly as in the 
log, cat, &c. ; but the superior were entirely absent. This is very 
important, as in the seal, in consequence of the unyielding nature 
if the skin, no expressive movements can take place. 

In birds, the superior corpora olivaria on a level with the facial 
tore, are still less developed than tlie lower, and consist only, as I 
found in the hen, of a few small groups of large ganglionic cells, 
irifhin and on the outside of the abducent nerve : thev are also con- 
lected by radiating flbres with the nucleus of the facial. This ex- 
ictly corresponds to the slight development of this nerve, of which 
Longet correctly says ; — " Les oiseaux, chez qui les muscles de la 
hoe aont si peu nombreux, ofirent un nerf facial rudimentaire ; les 
Blets peuvent servir dans ^expression des passions, en faisant con- 
tncter les muscles qui, chez certains oiseaux, redressent les plumes 
DBobiles de leurs oreilles et celles de leur con. Cest 6videmment le 
nof facial qui influence ^erection des plumes du cou chez le coq de 
odnbat, se pr^parant h, la lutte.'^t 

In addition to these corpora olivaria superiora, other ganglionic 
ponpa^ however^ occur, which are closely connected with the facial 
nerre, and of which I have already spoken. I These are met with in 
A the animals I have examined; they are intimately related to the 
tMnk of the neifvus trigeminus, so that Stilling even thinks he sees 
id ihem, in the human subject, the inferior nucleus of the trigeminus. § 
DOt in this view I cannot at all agree with him, since the trigeminus, 
have seen, is situated between the auditory and facial nerves. 



• le. t Longet, Anat. et Phyi, du SyU. Nerv., t. II., p. 170. 

t See above, p. 176, Fig. 4 o. /. In other sections, a little higher or 
lower, this ganglionic group is usually larger, and has coalesced into a 
romid mass, as is represented by Stilling in the human subject. 

I Pom VmniBi, Tab. III., r, p. 33. 
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and is separated by the facial from these groups, while the root of 
the trigeminus^ moreover, descends much lower.* 

I have already spoken of the influence of the trigeminus on the 
£acial nerve, and from the filaments passing from the fifth nerve to ike 
facial nucleus, I have sought to explain the multitudinous lefla 
actions elicited by the application of stimuli to the hoe, or often, for 
example, in toothache. The u^e of these ganglionic groups mi^ 
therefore, appear to be doubtful — ^but as they are connected pos- 
teriorly with the facial nucleus,t externally by severaT fibres with 
the root of the trigeminus, and especially with a ganglioas man 
present in that root, I we may suppose that they, too, are capable of 
producing a reflex influence on the facial nerve. 

Among the actions developed by the influence of the trigeminiiB 
on the facial nerve, winking alone remains to be considered. This 
is absolutely a reflex action, produced by the trigeminus. It is well 
knonvn, that after division or paralysis of the first branch of the tri- 
geminus, winking, on the application of stimuli to the eye, oeases.§ 

Yet here, too, comparative anatomy comes to our assistance. We 
have above seen that in birds, where there is little expression of 
passions depending on the facial nerve, the corpora olivaria sap^ 
riora are also extremely slightly developed ; but birds, in common 
with the mammalia, possess the power of winking, and it surprised 
me very much to find this same group of ganglionic cells to which we 
have ascribed the act of winking, as strongly developed, and equallj 
closely connected with the facial nucleus by numerous fibres in birds 
as in the mammalia, confirming the idea I have put forward as to 
the use of this accessory ganglion. || 

An analogous formation of an accessory nucleus or auxiliary gaa- 

• See above, pp. 13S et seq, f Fig. 4 o,/. J Fig. 4 r, o. 

f Thus also the above-mentioned patient, in Romberg's case, could not 
voluntarily close the«>'elids ; but if the hand were quickly moved towardi 
the eyes, or if the latter were suddenly directed towardls a bright light, 
the eyelids were closed. And this took place also in sneesing. Rombeig> 
Nerv. Krankh,y p. 659. 

Still stronger is the case described by Romberg, of a patient with 
anaisthesia of the fifth nerve on the left side ; in whom rough contact, 
even pricking the globe, did not produce winking, while he could, at 
will, powerfully close the eyelids, I c. pp. 200 et seq. Here, therefore, the 
reflex action was cut off, while the direct influence of the will from the 
brain remained. 

II Winking, however, proceeds from a twofold cause , it arises in conse- 
'iqanea of a strong impression of light on the optic nerve, and also from 
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I Dccars witli the glosso-phaiyngeiil nervcj and consequently 
lower in the meduUa, where it, therefore, appears to be in no direct 
connexion with ihe aoxiliarj nucleus of the facial nerve. In other 
respects the auxiliary ganglion ie placed in the same direction, on 
the inside of the trigeminus, with which it is very closely connected 
by numerous fibres ; so that we might regard it more correctly than 
the preceding almost as a part of the trigeminus, which, however, b 
not very probable. It is situated more anteriorly than that of the 
facial nerv«j and is very closely connected with the nucleus of the 
glosso-pharyiigcal by many more central fibres, which divide into a 
number of beautiful fasciculi. As, however, the glosso- pharyngeal 
nerve, according to my observations, perforates the root of the trige- 
minos itself, this auxiliary nucleus, which splits into two divisions, 
ud contains larger multi-polar ganglionic cells, is not separated from 
the toot of the trigeminus by the glosso-pharyngeal nerve, as is the 
case with the facial. 

Aa the glasso-pharyngeal nerve is, for the most part, a nerve of 
taite, and as its remaining motor branches are distributed to the 
pharynx and the soft palate, its muscular influence appears to be 
dosdy connected, perhaps, with deglutition, or, in ray opinion, rather 
with the sensation of loathing and squeamishness. 

1 It is, therefore, not improbable that the acceasory nucleus for 
toocbini; ibe eye or eyelid. It is very importaut. that, aa SnelleD shows in 

I Ub very vdusble dissertation, the stimulus of feeble light causes only a 
nfiex action of the eyelid on the sume side in a rabbit, while from the action 

' of very strong light on one eye, both eyelids ivink. In n healthy rabbit 

' OB the other hand, the must violent pinching of one eyelid produces only 
motion on the sarae side. The optic nerve, as the author infers, therefore 

. nflects bilaterally in the rabbit, the trigeminus only unilaterally. See 
H. Soetlen, Dt iavloed der stHamea op de ouUtekiag prorfimdtTvmdtlijk 
gttottU. Utrecht, 1857, p. 24. Hence it would appear, that in the rabbit 

' the above-described ganglionic groups, nbich are subservient to the act of 
wiDking, arc not connected with one another by transverse fibres. In other 

' RSpects, tins writer goes too far, in wishing to apply what is true of one 

' branch of the trigeminus in the rabbit to the entire of this nerve; as the 
reflex actton of Ihe trigemiaus in deglutition is certainty bilateral. Iq- 

' voluntary viiuking, too, in man is bilateral, also in cases where it is not 

' excited by the stimulus uf light. 

However, it is importaut that Heer Snellen has shown by nn experiment 

' (I. e. p. 24), that winking continues to be excited by the action of light on 
the optic nerve, ufter the trigeminus is cut through, conseiiueully a con- 
;xi«( also betneen the roots of the optic nerves and the nuclei 
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the g^0S90-pharyugeal also stands in the same dose rdation to this 
bilateral muscular action^ iu retching and other moTements of tk 
pharynx, as we have seen of the accessoiy nodeos with the £Miil 
nerve, namely, as a reflex gangUon. 

The course of the nervus vagus, and its connexion with diffieroit 
parts in the medulla oblongata are, however, of extreme importanoft; 
We know, indeed, that the nervus vagus in particular exercises sn 
extraordinary influence on respiration, and the discovery of the 
centre for the movements of the respiratory muscles is, in iacVa 
most important problem. 

We have above spoken only very briefly of this nerve, and have 
seen that it anses from a nucleus, to the outside of the nuideu 
of the hypoglossus.''^ In proportion as we descend lower in dtt 
medulla oblongata, where the accessoiy appears as a motor nen^ 
this ganglion passes further backwards and towards the n^he, so 
that it is situated behind the nucleus of the hypoglossus;t beamig 
out the remark I have already made, that the nuclei for the mote 
nerves are situated nearer the raphe, and those for sensation or ce&* 
tripetal action more to the side. 

My attention, was, however, much attracted by a bundle of longi- 
tudinal fibres, which is situated to the outside of the nervus vagm^ 
near its entrance into the nucleus, and which disappears in hig^ 
parts, where the vagus no longer shows itself in transverse sections^t 
This fasciculus of longitudinsd fibres becomes larger and interwovcfi 
with more numerous transverse fibres the lower we take the sectiosSi 
until it finally passes into the lateral columns of the spinal cord.§ 

It appeared to me, from accurate investigations, that from this 
fasciculus of longitudinal fibres different nervous filaments pass into 
the vagus itself, || and proceed, with the trunk of the nerve, outwards 
Between these longitudinal fasciculi several ganglionic cells also 
occur. The fasciculus is, commonly, closely circumscribed by mar- 
ginal fibres, which are given off as curved fibres, to decussate in the 
raphe; IT other fibres radiate more anteriorly, where they disappear in 
the root of the nervus trigeminus,?* which thus influences respiration. 

• Fig. l^ff.e, /, p. 92. t Fig. 2 a, k, 

X Fig. I, at ^ Fig. 2 A, A m, Fig. 12 at «. See also Stilling, Meduik 
Oblongata, Pl.V. VI. m, 

§ StiUing, MeduUa Oblongata, PI. VI. V. «. PI. IV., Fig. 2, at n. PL III. 
and II., e e, pp. 23 et seq. 

II Fig. I *. % Fig. 1 m, fi, 6. •• Fig. I to the outside of •, * 
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other side,* zl- csobs ol .jTsiini'im js jErrjindijj' r"«gTJ":^ 
noer. AiaaiziiT. *wi.. vars eiiiKrL itfrssn. t--i«? in^rtE-Eti v 
aiiae from i2ie Bb?r^-a!s=h*sL nnfr-'-^ iiijt^. a*":i:u. iir r-^ii^ 

;i2Ca£S» 3i Vim, nf "lit n* ■ ■■> .! ns"^. • 

kmginidiial 'Bank s luosr TuuKir ^ii:ni*-TAt t-hl ~3ir "^xris iiii it'- 
ce8s<»T iifTTei, fsas fran. "iijeat ust^t* ja,'^sn»f nm X- ?• .-w I iar>i 
in the fim p&n of ^i» -^TiiiTnt* -snnaTiiir*! -_: sifsr r-un. e:::e^- 
lieDtB br Srfrrf "aoc lae 'it>yrh" stittti.t-* x ~:ie sxeuu. :'.ri ser^ 
far the oKo:as of Tae "iTok. md "in-rsirf i::r rrFrnncxji. -Jie 

It is therdcft *Erai»*iT r^aiaciiiii^. :iu: 2«_t ieit J: i:'?* iirsa*. 
oolomns loiciaK* re i jf^i txi iie iR*ns -nj^-j*. FijL'iL 'J* «c 
dosdr ecaxjuzid "rii T'^'snnrjrii. ':in ijr*:. "iid: i:r!* zrnii ii«^ 

Hence ir is «65t vi fuLiis. tz.". z zhst i^rri* ■» i:^;:* > .^jirr.- 
petallj excised, :«• o-ixpie ':t nejzi :c i r:r.i:cT7 ircarari:?. 
leqmtion ceases, is '.he smiTiJXS a ::cw r.riT^^-f-.: il.:!:;r "~ie zerrL* 
vigos to the bterai cotsznr* *:i :hr 2:ic\iila. Triici .T^rr* tirzu^ 
ctom fiTs aeain i&to the anterior ^tv^t Iicrls cc 'Jije ?cizjl v:v:!ri. :o 
pus into the nuclei, wtunce whe respin^ory Lurrts inse.§ 

In tfatf msTiTifT ibo, the oriiiLUT cxi'Mie oc resr:iris*:r. j* exc^ca^Le. 

' « A ^ 

The nerri vagi appear to ooLvey stiziTili fr»:ni :ir I:irx?. r^riaps 
from the saperabondant corfai'jnic icid^ to ihe Urcnl c::1:ix:j. Thcr^cj 
the phrenic nerre is in the irst instance excited, ^r.ti <«: inspiriii.jn 

* Fig. 2 \€iji,d. ♦ Fkz. 2 d A. : Esmv oa :he SpuLi. CortL p. 26. 

I It has been m subject of much dupate. wheiher in :hu ei^pensier.; 
respiration stops in the inspiracoiy or expincorv *'.\ze. See Sr.eLlea. OtSe"' 
wotkm§€n over den hnloed tan den .V. mgna cfp d^ aS^mAa.'inijM'fw^at:^^, 
iniheyedtrlandMek Laneet,lS5^S5,p.^'2\. 

My esteemed friend Donders !f!howed me, chat durinz an experimeac 
with needles inserted into the diaphragm, and then inclined forwards, an 
arrest of respiration took place in the in:ipirator\ stage. I suspect, how- 
ever, that the experiment in question does not fully establish this p^^int, 
for the stimidns acts as well on that part of the longitudinal eolumns, 
whence the phrenic nerve arises, as on that from which the intercostal and 
lumbar nerves spring. The diaphragm must therefore descend, but at the 
same time the thoracic and abdommal muscles are put upon the stretch ; 
wkenee it appears to me, that all the muscles of inspiration and expiration 
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ensues. In the ordinary course of breathings expiration follows on 
the cessation of this reflex action of the vagus on the phrenic nenr^ 
in consequence of the elasticity of the lungs, as particularly obserred 
in the remarkable case I formerly described of complete compression 
of the spmal cord, immediately beneath the root of the phrenic nerve^ 
in which all respiratory movements and even speech were preserved 
intact. See Netkrlandsch Lancet, 1851-52, page 52. 

On the application of a stronger stimulus, a brief excitement arises 
in the phrenic nerve, and passes rapidly to the expiratory muscles^ as 
in sneezing, coughing, &c. 

Lastly, in birds, where the mechanism of respiration is the same 
as in the mammalia, a similar bundle of longitudinal fibres occurs on 
the outside of the vagus, although other parts are scarcely visibly as 
corpora olivaria; so that here too, the same relation is maniffsted 
between these fasciculi and the nervus vagus, to meet a like necessity 
in the mechanism of respiration.''^ 

Hence appears clearly what I have above remarked, that the latersl 
colunms of the spinal cord terminate in the medulla oblongata. At 
the same time, other new longitudinal fasciculi must be present to 
convey the orders of our will to the point of union for respiration^ 
already described, enabling us^ voluntarily to quicken or to modify. 
otLr breathing as may be necessary. These nervous filaments, through 
which our will acts on the longitudinal columns, and through the 

are simultaneously contracted, perhaps in different degrees, according «• 
one or other set has the predominance. This was subsequently confirmed 
by Snellen himself, who stated to me that he had often seen vomiting 
ensue in dogs during central irritation of the yagus, and arrest of respira- 
tion, thus indicating a simultaneous contraction of the abdomen. Tke 
same appears also from the investigations of A. von Helmolt, Ueber dSr 
reJUctoritchen Beziehungen des Nervut vaguty Giessen, 1856, who on strong 
irritation observed powerful contractions, also of the abdominal muscles. 
/. c. p. 27 and 32, note. 

* Dr. Stich relates a case, where perfect anaesthesia, not only of all tbe 
nerves of the trunk, but also of the accessory, vagus, glosso-pharyngeil 
and fifth nerve was said to exist ; so that the inhalation of acid vapours or 
mechanical irritation in the parts under the control of the vag^us, glosso- 
pharyngeal, and trigeminus nerves produced no reaction. How respirt- 
tion could continue and deglutition take place in this case, I cannot 
understand. See Schmidt's JahrbUcher, 1857, No. 3, pp. 355 et seq. 

Unfortunately, no remark is made on this point It appears to me, that 
the anaesthesia can have affected only the majority of the branches of tlie 
fifth and of the superior laryngeal nerves ; but the case is too superfidal^ 
reported to admit of any conclusion being drawn from it. 
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latter on le^izidcniy we cu^ in faa pKs^T os^^ Hmsvehave 

above described the fibres wbaA dfsntsise, asd as ODndnctoR of the 
orders of our viU, are losi in ihe imrieL wbfase ihe nerves take their 
origin. We hare also seen how liieaie fbrts run as marginal fibn» 
round the nndens ctf the hrposkasBs^ -ridle son}e of them penetrate 
into that of the aooessozT more posttnodj siroaic-d.* But it struck me 
Terj forobl jj that on nsng a sazffidcsn m&znifring power^ I saw some 
of these ma^inal Sbxts, and indeed t^ most external^ along the out- 
ride of the hjpogloasnsy a a, pedbrating the trunk of the accessory, 
A, and passing into the longitudiDal tracts or fasciculi, a, k, I, which 
ire siromted behind and to the side of the accessory, and being lost 
there, while several multi-polar ganglionic cells made their appear- 
moct I was long uncertain what function I should attribute to 
these marginal fibres, and at first suspected, that in them some closer 
eonnexion was to be sou^t between the accessory as a vocal ner>'c 
and respiration. As, however, all these marginal fibres which 
terminate in the nerve nudei, and decussating with the other side, 
appear to curve upwards into longitudinal fibres, must be regarded 
as conductors of our will, it seems to me scarcely to admit of a doubt, 
that the fibres — ^which terminate in the longitudinal columns a, /*, /, 
and appear to be connected with them by means of nmlti-polar 
ganglionic colls, and to pursue exactly the same course witli the 
above — are likewise routes whereby our will is enabled io convry itn 
orders to the respiratory apparatus, and according to our will to 
modify its action. We do not, however, in the situation of thin union, 
meet with any aggregated group of gangUonic cells; tht* liii((;r nro 
lather scattered and isolated in the summit of this longitudiniil 
bscicnlns. 

Moreover, it is an important fact, that these conducttorN of our 
wfll, whereby we influence respiration, decussate, juHt an I liiivi« 
ahown of the other marginal fibres, which pass into IIk? nudi'i ol' (Im 
nerves. At the same time, these fibres afford a fn*Hh iiroof, tlml. 
the lateral columns of the spinal cord really c^nd hcrr. 'I'liun Irum 
the spinal cord, the corpora pyramidalia, which iM!rv(? for \W movi' 
ments of the extremities, alone pass anteriorly, hm a (rontiininlimi ••! 
the anterior columns, upwards into the brain ; tlir laimil ««ilniiinn iln 
not take this course. Hence it foUow.s, thai in hiMiiijilrKi'» »»l'« » 
onebral apoplexy, the arm and leg of the wuno n\Av iin^ |Mir»il,y/« i| 
We call this, however, very incorrectly, unilateral piiral)r«i«i, hh if IIh* 
• Fig. 2 A, a a a. t V\^. '2 A, «, /. 
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entire half of the body were paralyzed; this is not the case : only the 
muscles of the one half of the face^ of the arm^ and leg are affected; 
but the intercostal muscles^ the abdominal muscles^ and the one half 
of the diaphragm are in hemiplegia undisturbed in their functions. 
Sometimes^ I have observed that the one side of the chest was, in 
consequence of paralysis of the pectoralis^ less powerfully drawn up- 
wards ; but still respiration is not unilaterally disturbed.''^ This pecu- 
liarity^ to which in my opinion sufficient attention has not been paid, 
is to me a powerful proofs that the lateral columns of the spinal oord 
do not run into the brain^ as they should then in apoplexy likewise 
participate in the subsequent paralysis^ which never is the case. As 
they are brought into action specially by the stimulus received from 
the nervus vagus^ their function does not depend directly on our will, 
although it may be to a certain extent influenced by the latter.f I 

The close connexion between the nucleus of the vagus and &e 
nervus trigeminus^ which I have above merely alluded to^ is^ however, 
extremely remarkable. With no one nerve-nucleus does the tri- 
geminus appear to be so intimately connected as with that of the 
vagus^ so much is this the case^ that in some sections the vagus-- 
nucleus seems to coalesce with the root of the trigeminus. 

How completely the phenomena during life correspond to this 
scarcely needs to be demonstrated ; thus irritation of the trigeminus 
acts most powerfully on respiration^ for example^ in sneezing; tnus 
also, sprinkling cold water on the face produces a rapid inspiration. 

• Only one case do I find in Virchow's Archiv fur path, Anatomie, B. 
II., Heft. 5, 1857, p. 413, where, after apoplexy, in consequence of an 
aneurismal clot in the cerebral portion of the left carotid artery, hemipl^^ 
occurred, and where the abdominal muscles from time to time contracted 
only on the left side. Dissection exhibited not only complete softening 
of the left middle hemisphere, but also two recent extravasations of blood 
of the size of a bean ; the second somewhat smaller under the aqueduct of 
Sylvius, in the pons Varolii, and in the neighbourhood numerous small 
capillary extravasations, p. 417. Probably the latter had injured the 
longitudinal columns, near the vagus. In a diagnostic point of view also 
this may be important. 

f Helmolt*8 observations quite accords with this also, Ueber re/irct. 
Bezurh, d. Nerv, vagus, etc, /. c. p. 30, that in central irritation of the two 
terminations of the nervus vagus reflex motions never arise in the muscles 
of the extremities. As the corpora pyramidalia are very far removed from 
the origin of the vagus and the longitudinal fasciculi accompanying it, the 
impossibility of reflex action taking place between the two, can be 
maintained on anatomical gprounds also. 



COMMISSURE OF THE VAGUS. 189 

Lastlj, I must add that^ as I have shoikii above^ from the nucleus 
of the ragus^ but especially lower down from the accessory, trans- 
verse filaments, forming a commissure, run behind the central canal 
to the nucleus of the other side. This commissure unites, particularly 
in the lower sections where it is stronger, not only the two nuclei of the 
accessory, but also the longitudinal columns, where these deviate 
more and more to the side, and pass into the lateral tracts of the 
spinal cord.'^ This commissure is here, just as is the case with the 
fiunal nerve, very strong; it even exceeds that of the facial. As to 
its function, it appears that, as we have seen above, most branches 
of the facial work bilaterally, as is probably, in a still greater degree, 
true of the accessory which moves the muscles of the larynx and 
l^iaiynx, and perhaps, with the exception of its branch to the 
trapezius, acts bilaterally in all its ramifications. Such an influence 
would quite accord with the greater breadth of it« posterior com- 
nussnxe, connecting the two nuclei, and would be necessary for the 
bilateral action of the muscles of the larynx in giving a single sound, 
or in the production of the voice. 

In like manner, the commissure between the nuclei of the vagus, 
Kg. l,e,d, B, and the longitudinal columns for respiration. Fig. 2, A, 
fli, d, appears invariably to convey the stimulation of one nucleus, 
and of one lateral colunm of the medulla to those of the other side. 
Thwy a bilateral action, which is so necessary in respiration, and in 
the production of abdominal pressure, is ensured. The decussation 
«f these in the middle line is perhaps the cause why a central 
ponctnie or wound, whereby this connexion is broken, arrests respira- 
'^on, and is immediately fetal (Flourens' Point vital), as then the 
^ooBfBjdon between the above two points is severed. 

• Fig. 2djm,l,ayk, 
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As we liave seen in the preceding chapter^ how movementfl^ mm 
or less complex^ are excited in different nerves of the medulla ob- 
longata by means of auxiliary ganglia, a function remains to be 
examined^ which, on account of its complexity, and of the Tancnii 
nerves cooperating in it, well deserves separate considemtion. I 
allude to the process of deglutition. As the hypoglossns is the dikf 
agent in swallowing, we might regard as the central organ, the 
corpora olivaria inferiora, which, as we have found, are intimately ooa* 
nected with that nerve, and, in animRU at least, cannot serve for tb 
articulation of the voice. But in my opinion, this question is not 
so simple, and in order to obtain a dear insight into the subject^ it 
is necessary first to ascertain what combinations must in this cm 
be effected, after which, we can examine whether in the s t r u ct ur e of 
the medulla oblongata arrangements are to be found, by which these 
several combinations may be harmonized. 

Swallowing is certainly a very complicated process, requirmg the 
cooperation, not only of a great number of very different muacH 
but of several wholly different nerves, and this simultaneously, at the 
same moment. 

I shall not here enter into a detailed consideration of the meohik* 
nism of deglutition, nor of the muscles which take a part in it, ai I 
suppose this process to be understood; it will suffice^ if we fint 
examine what nerves engaged in swallowing are excited by » 
common and simultaneous impression. 

That in the first place the action of the tongue is required in 

swallowing, in order to push the food against the palate badcward 

into the throat, and that at the moment of swallowing the root of 

the tongue is particularly active, is well known. All parts of the 

■e 90l^ however, equally engaged in this operation, and thm 
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for example^ 'a partial paralysis of tliat organ may exists by which 
speech may be impaired^ without deglutition being impeded.* 

In like manner^ cases are on record where, from a central cause, 
swallowing was obstructed without speech being impaired.t 

Hence it appears, that in the articulation of words a different 
point of union serves for the combination of muscular movements, 
which may be destroyed, while other movements of the tongue, as 
those occurring in swallowing, continue unimpaired; consequently 
the central seat of these two actions must be different. 

This will be sufficiently evident on an examination of the several 
nerves, which must cooperate in swallowing, most of which remain 
inactive in the articulation of words. 

In the first place, we here again meet the hypoglossal nerve, both 
in its action on the posterior part of the tongue, and also principally on 
the muscles, which at the moment of swallowing raise the os hyoides, 
«nd with it the larynx ; in which movements totally different nerve- 
fibres must act from those engaged in speech. 

But this nerve, by its simultaneous action on the tongue, and on 
the muscles of the larynx, occupies a first place also among the nerves 
irUch must cooperate in deglutition. 

Furthermore, we must add the accessory of Willis, which besides 
the muscles of the laiynx closing the glottis, also moves the con- 
strictors of the pharynx I with the soft palate, both of which act in 
tnriiDowing.§ 

Lastfy, it is even said, that some filaments of the glosso-pharyngeal 



• Of this we have an example in the case of the girl, where the articu- 
lation of words was absent, wlvile swallowing was unimpaired (p. 149). 
Difficulty of speech often occurs after apoplexy without lesion of swallow- 
ing. Thus in the case ahove quoted from Lallemand, Letter 1, Obs. 4, pp. 
19 H tgq.f in which speech was in the highest degree impaired, and the 
tongue when protruded inclined to one side, although all the other motions 
of the organ were very free, no mention is made of any difficulty in 
swallowing, which would not have been passed over in a report of the 
symptoms which is in other respects accurate. 

t See among others Olivier, TraitS det MaladUM, t XL, Obs. 112, p. 319, 
ud Obs. 127, p. 400. 

I Longet saw the most distinct movements in the muscles of the larynx, 
pharynx, and upper part of the oesophagus follow galvanic irritation of 
the accessory. Anat. et PhysioL du SytL Nerv., t. II., p. 265. 

I J. A. Heine saw motions of the palate on irritation of the vagus as 
well as of the accessory. See Mtlller, Arch. f. Phytiol., 1844, pp. 886 et ttq. 
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may participate in this process; as it appears to possess motor- 
filaments^ which cooperate in the movements of the palate.* 

During swallowing, therefore, some filaments of the hypoglossos 
and accessory, and perhaps, also, of the glosso-pharyngeal, if its 
motor-root acts in deglatition, which however is not probable, must 
be excited on both sides to a simultaneous and uniform actipn almost 
in a moment ; thus rendering necessary the supposition of a partial 
connexion of all these filaments in one or more coherent central 
points. 

Now, it is well known, that swallowing is a reflex action, produced 
by a stimulus operating behind the tongue and against the palate. 
Even the will appears to accomplish swallowing only indirectly. Thus 
we can indeed swallow when we choose, but we cannot make 
the act of deglutition itself slower or more rapid. Swallowing 
as is absolutely necessaiy on account of the impediment it offers to 
respiration, always takes place very quickly, and within a definite 
time, and herein this action differs from all other voluntary mov^ 
ments of the body, which we can perform at will more quickly or 
more slowly. Deglutition is therefore a reflex action par exceUenee; 
so that even our will in it appears not to act directly on differed 
nervous centres, but as in involuntary swallowing, to operate by its 
impression or stimulus on that part whence the compound refiez 
action for deglutition proceeds. 

If, however, a stimulus acts in the throat or on the palate, or on 
the posterior part of the tongue, we are compelled to swallow, and 
cannot restrain the act. Deglutition is therefore quite involuntaiji 
and is produced by reflex action occurring on the application of t 
stimulus; a combined bilateral action ensuing of all the muscles 
which cooperate in swallowing. 

* Volkman and MtQler, Archivy 1840, p. 489. Heine confirms the stfflt 
MiiUer, Archiv, 1844, p. 333, and lastly, this appears to be reduced t0 
certainty by Biffi and MorgantL MtiUer, Arcidv^ 1847, p. 357. They 
assume a distinct root of motor fibres in the glosso-pharyngeal, wliich 
is said to serve for these movements of the palate, rendering this a mixed 
nerve, just like the spinal nerves. 

It is, however, not very easy to trace such a distinct root, which molt 
necessarily be very slender, in its course through the medulla oblongata; 
although it must in that case certainly have a separate origin, as gangliook 
groups for sensation cannot at the same time serve for motion, as is ia£- 
cated also by the different situations of the two classes of cells in the 
medulla oblongata. 
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If we now arrange synoptically these complicated actions^ we shall 
find that there mnst be present in the medulla oblongata filaments 
or nerve-fibres whereby : — 

1. The applied stimnlns^ whether directly^ or indirectly by way 
of leflexiony is conveyed to some common centre or point of 
action, whence the simultaneous combinations of muscular action 
may be excited as from a single point. 

2. There must exist fibres or routes^ by which these excitements 
of the central organ of deglutition may be conveyed to the several 
nerve-nndei which, in swallowing, enter into action in the various 



. 8. Fibres, which, as conductors of the orders of our will, may act 
on these same central organs, and so, by this voluntary route, excite 
au involuntary reflex act, such as swallowing.''^ 

4. Fibres, to connect these central organs bilaterally, rendering 
this leflex action during swallowing invariably bilateral, simultaneous 
ffi ^ uniform. 

I shall now proceed to inquire, whether it is possible, in the 
labyrinth of fibres, which are so diversely interwoven through 
the medulla oblongata, to discover these definite paths. In this I 
diall follow the course which I have endeavoured, by the careful 
examination of physiological phenomena, to borrow from nature. 

1. An irritation applied behind the tongue or against the palate, is 
warejei to the central points for the act of swallowing. 

There are two ways whereby this might take place; namely, 
tKioQgh filaments of the glosso-phaiyngeal nerve, which, as is well 

- * It ii evidently neeessaiy that these routes for the traDsmissioii of the 

orders of our will, and of the irritation applied to the tongue, should be 

different; and that such is the case is proved by pathological observations. 

Thus Romberg relates a very remarkable case, where, with wmpltUt 

pmnljmB of the tongue, swallowing still resulted, if the food was brr;ijghi 

beliliid into the throat or pharynx, aU the necessary motions of the t/iugue 

being aooomplished at the moment of deglutition. On d'wtusrXion, nfjuiwun 

Ibmid at the right side of the anterior lobe of the brain, with itiflamrijalion 

of the septum luoidum. Unfortunately, no attention ntif.inn U» kav«; b<!<:fj 

pren to the medulla oblongata, as no mention in tnM'l*: of itrHhun in it« 

tiMUe. Bee Romberg, Lekrbuek der Nertrnkrankturit^f I MO, 1 IV, ;} Abth., 

pp. 658 et 9eq, The impression of the will frttni Xh*t brum wik« ihrnzfitf. 

diatnibed; that by reflex action had coni'mufuL 

The case communicated by Dr. A. Htich, i* wA !«:«« nrmarkabli', in wh«/;)i 
the reverse teemed to obtain. Here ptrftd aniestbesia of ihn trig«wiiftaJ 
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known, is difltributed to the posterior part of the tongue^ and which 
also gives some branches to the soft palate and the phaiynx. 

Or through filaments of the trigeminas, which, through the 
pterjgo-palatine nenre, gives sensation to the soft palate, and 
through the lingual nerve to the tongue. Even llie upper part of 
the pharynx appears to receive branches from the pteiygo-palatiDe 
nerve.* 

As concerns the first of these routes, through the glosso-pharp- 
geal, it would seem that, as this nerve distributes its gustatorj 
branches chiefly on the posterior part of the tongue, it should con- 
tain also the reflex nerves for deglutition; the more so as, according 
to Longet, after cutting through the lingual branch of the fiftli pair, 
a degree of sensation still remains at the base of the tongue; which 
he, however, is inclined to attribute to some accompanying oervicsl 
filaments of the hypoglossu8.t This latter hypothesis appears to me 
to be very improbable. 

Bowman observed, in insensibility of the trigeminus, that taste 
was completely lost in the anterior and middle parts of the tongue; 
but was unimpaired in the posterior part. He does not state whether, 

and gloBSo-pbaryngeal nerves existed, completely depriving the patient d 
all taste and sensation in the ton^e ; and nevertheless, swallowing wii 
quite normally performed, altboogh it was not possible by stimuli to ezeile 
reflex movements from the trigeminus or glosso-pharyngeaL The writor 
caused a piece of sponge, fastened to a thread, to be swallowedt bnt I 
think it is doubtful, whether in this experiment he made a suflftcient dii- 
tinction between sensitive and reflex filaments. As, however, a spong«» 
fastened to a piece of whalebone and thrust into the throat, excited no 
vomiting, but contraction of the constrictors, it would seem necessary to 
suppose that the reflex filaments of the glosso-pharyngeal or vagus in ike 
pharynx were destroyed, or at least inactive, and that thus only the route 
by which the action of the will was conveyed to the centres of deglntitiofi 
remained. It is to be regretted that this important case and its phenomeoi 
have not been more distinctly and more definitely given. See Anmakm i» 
CharitS Krankenhatues, 7 Jahrg., 1 HefL, 1856, pp. 168 et \peq. In thai 
instance, therefore, reflex action seemed to have been ^ntiili^l^fe^ ^ while 
the impression of the will was preserved. 

• A. C. Bock, Nachtrag %u der BeMchreUnmg der 5 HirnnT ve n^ PL V., 
Fig. 4, N. 54. 

t Anat, et Phys. du Sg»t. New., t II., p. 174, ei la PhiftioL, p. 297. In 
a case of paralysis of the trigeminus, observed by Herbert Mayo, the base 
of the tongue was still sensitive, and a probang, passed into the throati 
prodneed vomiting, even when the instrument touched only the insensible 
i^ liagendie, /0M1M/ d« PAfffioJL, t III., p. 358. 
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m fhifl cue, insensibflitjr existed also to mechanical irritants on the 
back part of the tongue.* 

Bowman atateSy after Beid, that section of the glosso-pharyngeal 
nerve is not only painfolf but also that if the tnmk of the nerve was 
eat throiif^ a short way below its exit from the cranium, and the 
cad was irritated, extensive movements were produced in the 
throat and the lower part of the &ce ; whence he infers, that the 
irritation was conveyed by reflexion to the vagus and facial nerves. 
On the oontraiyj if, in an animal just killed, provided the filaments 
were snlBcienily isolated from the pharyngeal branches of the vagus, 
the glosso-pharyngeal was centrifugally irritated, no movements were 
devdoped, — showing that the glosso-phaiyngeal is a nerve capable 
flf exciting movements by refl!exion.t 

Longet, on the contrary, saw movements take place in the pharynx, 
if he irritated oentrifngaUyor peripherically the pharyngeal branches of 
the giloBso-pharyngeal 4 ^hile he regards the pharyngeal branches of 
the vagus as r^ex filaments.§ I shall not go further into this con- 
troversy, but only observe, that much as it may appear from the 
above, that the branches of the glosso-pharyngeal nerve to the 
tongoe are the routes whereby the reflex irritation repairs to the 
centre for dentition, — this view cannot be adopted, as it is shown 
by Panina, and confirmed by others, as by 8tannius,|| that when 
the two glosso-pharyngeal nerves are cut through, swallowing is per- 
fofmed in a dog, in every respect, as perfectly as in the sound state.l 
Bowman likewise remarks this, and says that other fibres must be pre- 
sent, adapted to convey stimulation to the pharynx by reflexion, as, 
after cutting through both glosso-pharyngeal nerves, swallowing is 
not impeded.** 

The glosso-pharyngeal nerve, accordingly, cannot be the route by 

• Pk^oL Jnatom., Part II., pp. 444 et teq. Since, as we have above 
seeny the trcmk of the g^osso-pbaryng^al nerve passes thromgb the middle 
of the root of the trigeminus in the medulla oblongata, fibres of both may 
here perhaps commingle and form a nerve; so that the sensation of 
taste may belong to some branches of the fifth and sensation proper to 
others of the glosso-pharyngeal, which is perhaps the simplest mode of 
reconciling or explaining this as yet undecided controversy. 

tie. Part III., p. 117. I Longet, PAy«o/., p. 392. 

I iL C Pk^oL, p. 308. I Midler, Archiv, 1848, p. 137. 

1 C. Sdmeeman, Venuche ueher die Verrichiyngtn der Nerven, Erlangen, 

1886, p. 43, wherein the experimento of PanizEa on taste are given. 

•• PMuM. JnaL, Part III., pp. 117 ti teq. 

o2 



196 PROCESS OF DEGLUTITION. 

which stimulation ia conveyed hy leflexion to the cential point for 

swallowing. 

This being once established, there remains only the nervns trigemi- 
nus, which we have already fonnd to he,par exeeUenee^tLTeHisM.'Dian, 
as the route by which the reflex stimulation for deglutition ahall be 
conveyed. The question is only, by what branches of the trigemi- 
nus is this accomplished? Involuntary deglutition enauess, when 
the food is passed into the back of the mouth and comes in contact 
with the root of the tongue, the arches of the palate^ and the palate 
itself. 

We might, therefore, suppose, that m the lingual nerves, as 
sensitive nerves of the tongue, reflex nerves for swallowing were 
comprised ; but in addition to the opinion previoualy expressed by 
Longet, tlwt the lingual branch of the trigeminus gives absdiutdj 
no branches to the bAse of the tongue,* tiiis hypothesis is completely 
refuted by the experiments of Panizza,t who shows that swallowing 
is not impeded by cutting through both liiign^l branches of the 
trigeminus. 

There remain, however, other branches of the trigeminusi, namdy, 
the palatine ramifications of the second twig of the fifth pair, whick 
also gives off the nasal nerves, whereby sensation in the nose, and 
consequently sneezing is excited ; whence it appears, that this branck 
too is connected with the vagus and accessory nerves. It would 
seem, therefore, that in this nerve-branch are also to be sought 
the reflex filaments which occasion swallowing, and indeed, these 
appear to be situated less in the root of the tongue itself than ii 
the palate and its pillars, against which the food is pressed by tk 
tongue, causing the stimulus to swallowing. 

This is confirmed chiefly by an experiment of Magiatd^ on a 
dog, communicated by Schneeman, in which, although the two 
lingual nerves of the trigeminus were cut through, the animal still 
made the motions of swallowing, if a little alcohol was applied with a 
brush to his palate, j: After cutting through the hypoglossi, however, 
swallowing was of course prevented by the paralysis of the tongue.§ 

• Longet, Phytiologiet p. 298. 

t Schneeman, Vermchet j^., p. 44. Stannius, too, says expressly, that in 
his experiments, after cutting through hoth lingual nerves, no movement 
had ceased, and that the animals drank milk ; consequently, still swallowed. 
Mailer» ArekiVi 1838, p. 136. t Schneeman, Fenuehe, iL c. p. 96. 

f Scimtimnan, L e. p. 33. 
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I have already remaiked, that the nerros trigemiima may, par 
excellence, be denomiiiated a nerve of both sensation and reflexion. 
In accordance herewith the root of this nerve follows such an 
oUiquely downward direction, through the medulU oblongata, that 
in it« conne it passes all the other nerve-roots from the mednlla^ 
with vMch it produces reflex phenomena, and terminates on a level 
with the inferior part of the corpora olivaria, or of the roots of the 
^7P*^')"3iu- Accordingly, therefore, as the stimolns is applied to 
one or other branch, a di^rent reflex action, or nont^ is excited, 
sneezing being apparently prodaced through the nasal ramiflcations 
of the second branch of the fifth nerve, and swallowing throng the 
palatine ramifications of the same branch. 

Ilins we can also «q>lain, how in the above-described case by 
Stich,* with complete amestliesia of the fifth pair, involuntary 
dq;hititioi), that ia by reSex actioo of the fifth, was impeded; 
althoogfa voluntary sw^owing by direct influence of the will on this 
part of the corpora olivaria remained. 

2. Can we exhibit fibres, passing &om the fifth pair to a central 
oergan for reflex action, whence die act of swallowing should be 
capable of extending bilaterally F 

If we make transverse sections of the medulla oblongata from 
above the insertion of the glosso-phaiyngeal nerve to the inferior 
roots of the hypogloasus, we see everywhere the roots of the fifth 
nerve, and hence, just as from the corpus restiforme, an exceedingly 
gteai number of fibne arciformes radiating through the coipora 
otrrarii; and farther passing through the raphe to the other 
^de.t 

Thete transverse fibres are large, and most numerous on a level 
with the hypoglossal and accesaoiy nerves ; the greater number appear 
to perforate the corpora olivaria, others seem to be lost in tlie lattn. 
This is particolaily observable iu the corpora oUvaria inferiora in 
nmnals, which seem specially to comprise the centres for the reflex 
movement of swallowing.^ Indeed, these coipora olivaria inferiora 
appear to be connected only with the hypo^ossus) and partially with 
the accessory; since, as we have seen above, they are ntnated on a 

* See above, p. 193, note. 

t Rg. l,D,n,l,qg, r. See also SUllinff, MeduUa (XiUmg<da, PL V. and 
TI, the corpns restiforme a, and before it the trunk of the fifth nerve, 
whence arofonn fibres e, i, ■, g, p»s to the coipoi ciliare. 

t Fig. 12, /, »., K. 
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level with the roots of the hypo^ossuB, and are oontned euetlj 
within the bounds of tliis nenre.* 

This is likewise the case even in birds, although in them tk 
ganglionic groups, occurring in the situation of the oorpora olivaRa 
inferiors, but which are also interlaced by numeroua tiansvene fik- 
ments from the root of the trigeminus, are simple. l)ie ka 
complexity of these ganglionic groups is also proportionate to the 
greater simplicity of the mode in which swallowing is aooomplishdi 
in these animak, a much smaller numba of muscles codperatingiB 
the process, which in birds consists merely in the pushing forwail 
and closing of the rima glottidis. 

'Now, as these corpora olivaria inferiora, from their situatian it 
the inside of the hypoglossus, behind the corpora pyramidalii^ 
exactly correspond to the additamentary nuclei or accessory coipon 
olivaria, occurring in man in the same place,t but are not, as In 
been incorrectly supposed, everj^where distinct from the oorpai 
olivare, and as these accessory nuclei entirely agree in stm ct ure 
with the corpora olivaria inferiora in animals, being like them, per- 
forated by numerous transverse fibres ; we might suppose, that in mm 
these internal accessory nuclei should likewise be r^arded as leAei 
centres for deglutition. The only difficulty in such a view is, that 
the corpora olivaria inferiora in animals consist of three groop 
situated close to, and more or less connected with one another,} 
while in man they are more simple, although in some places thej 
occupy a considerable extent. The correspondence of situation, how- 
ever, and similarity of the nerve-connexions, make this suppositioD 
not improbable. 

We have further seen, that fibres must also arise from these 
central organs of swallowing, connecting the latter with the nndei of 
the nerves which act in deglutition. 

• As the glosBo-pharyngeal nerve in animals is situated much hif^ 
than the corpora olivaria inferiora (see Figs. 8 and 10, b b, g), it would 
appear that this nerve does not contribute to deglutition. 

t Fig. 1, Stilling, Medulla (Mmgata, PL V., VI., r. Lenhossek represents 
several so-called additamentary corpora olivaria or accessory nuclei, H. 
II., Fig. \, h, i^ k k; but he confounds with these several ganglionic 
groups, which, in my opinion, do not belong to them, as they consist of 
laiger ganglionic oeUs ; which firom his mode of making the preparations 
iMMfaNBt^ he eonld not observe with sufficient accuracy. The most 
fatsnai alone ahooM I refer to the corpora olivaria. 
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And such we find to be in fact the case ; for, from these inner 
OQipoTa oHTaria, as well as from the large corpora olivaria in man^ 
as alao from the corpora olivaria inferiora in animals, a number of 
eentral or radiating fibres pass especially to the nuclei of the hypo- 
glossal and acoessorj nerves,* wMch are closely connected with the 
ant. 

These radiating fibres between the hypoglossal nucleus and the 
mpoiEa olivaria are, however, not equally distinct in all sections, in 
some places they occur in greater number, in others less distinctly, 
■a Stilling,t without knowing the use of these fibres, so correctly 
xcprcaeuted. Hiey, accordingly, appear to be connected only with 
aome parts of the hypoglossal nucleus ; an arrangement which seems 
to correspond to the action of the nerve in swallowing, for in this 
process B great part, but not the whole nerve acts, the sternohyoid 
and thyroid muscles, for example, and also the genio-glossal, so far 
as relates to the protrusion of the tongue, continuiug inactive. 

The mouth also, or rather the jaw, is closed during swallowing by 
the masticating muscles, in order to give a firm point of support. 
We might, hence, suppose that the motor root of the trigeminus 
ahoold be simultaneously affected by reflexion from the corpora 
olivaria. As, however, this root is in animals situated much higher 
(ban, the corpora olivaria inferiora, such a connexion appears to be 
doobtlnl. . We can, however, imagine, that in this reflex irritation 
of the fifth nerve the stimulus may be conveyed immediately from 
the sensitive to the motor root, while the nuclei of the motor root of 
the trigeminus are situated so near one another at the raphe, and 
ippear to be connected with one another by so many filaments, | that 
they may be capable of always acting bilaterally, independently of 
the oodperation of the corpora olivaria. 

S. That, as the third requisite, the central organs for swallowing 
must also be accessible to the orders of our will needs no formal 
poof, because we have already seen that the medulla oblongata con- 
iista dnefly of longitudinal fibres, which, derived from the brain, 
betake thmselves to the several nuclei of the medulla oblongata, 

* Fig. 1, i, P' StUling, Medulla Oblongata^ Fl. V. r, d, g, of the internal 
eoipora oUvaria. My Fig. 12, k, d, from the corpora olivaria inferiora in 

a cat 

t StiUing, MiduOa Oblongata, PI. V., r, rf, g, compared with PL VI. r, 
Rfliere they, as in my Fig. 1, appear to be almost wanting. 

t StilliBg, Pmu FaroHh PL XV., <, <', «•, a'. 
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and, oonaeqiieiiUj, abo to the ooipon oUvari^ Time last may, tbere- 
fore, be regarded as conductors of the orders of onr will in voluntaij 
de^utition, and if the trigeminus be destroyed^ and reflex actim 
conaeqaentlj inteneptcd, volnntaiy swallowing is adll poaaible. 

Ulna we can understand why Toluntaiy deglutition ia^ nevothe- 
les8» always a reflex action ; as it appears;, that in it our will doss 
not act directly on the nuclei of the nenres themadvci^ bat on the 
corpora <diTaria ; whence the action is then reflected to the nndc^ 
bringing into play simultaneonaly and uniformly, the mnacols 
groups which conjointly perform the act of swallowing. 

4. In like manner, the reason is self-erident why the act of swaL 
lowing is always bilateral, since, as I have already shown, tfaflis 
oorpwa oliraria are most intimately connected, by means of tma- 
Terse fibres, at either side of the raphe. I therefcne feel that what I 
have advanced is sufficient to leave verv little doubt aa to the whole 
mechanism of the bilateral reflex action of the nerves in degjlnti* 
tion. 

I ifiay 8um up the principal points of the foregoing in ths 
following propositions : — 



A. 0/tke Medulla Obl^mgata. 

1. In the medulla oblongata a perfectly unique organization con- 
mences. The nuclei or ganglionic groups whence the nerves arise 
are here more distinct from one another. The nuclei for motion, aa 
those of the hypoglossus, the accessoiy, facial, and the small brancU 
of the trigeminus, lie near the raphe or septum ; the nucleus of the 
abducent is still uncertain ; the nuclei for the nerves of sensatioi^ 
which arc first distinctly seen in the medulla oblongata, as tiie portio 
major trigemini, the vagus, glosso-phnryngeus and auditory, lie mon 
to the outside, and further removed from the raphe. In addition, 
auxiliary ganglia or accessory nuclei, each of which has its own 
function, occur in the medulla oblongata. 

2. Of the spinal cord, only the anterior columns pass, in the 
corpora pyramidalia, as conductors of the orders of our will for the 
movement of the extremities, upwards towards the brain. The 
lateral colums of the cord terminate on a level with the vagus, 
which is intimately connected with, and exercises a reflex action on 
them. Consequently, in hemiplegia we never have paralysis of the 
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balf of the tmnk^ but only of the fBce, the tongue and the extremi- 
tiflB. 

5. At the inferior boundary of the medulla oblongata^ and above 
the termination of the lateral columns just mentioned^ a new system 
of fibres begins in the medulla oblongata, descending from the brain 
(tiie ihalami, and especially the corpora striata), and here dividing into 
m infinite number of fine longitudinal bundles, separated by trans- 
Tcne fibres. These longitudinal bundles, at least for the most part, 
curves to penetrate into the raphe, to decussate there, and so to 
pass over into the nuclei of the nerves of the opposite side, as 
ooodoctars of the orders of our will, or for the communication of the 
inqneflsion of sensation to the brain. The accessory ganglia also 
reoovo the conducting filaments by which they commnnicate with the 
bnin, from tibe same fssciculi. 

4* The nerves of the medulla oblongata do not participate in the 
decoasation of the corpora pyramidalia, as they are situated higher 
up. They themselves do not decussate; but in the manner de- 
Bcnbed in the preceding paragraph, the conductors of the orders of 
our will decussate here also, as in the corpora pyramidalia for the 
movement of the extremities. In the medulla oblongata the decus- 
sation is in the situation of the nucleus; for the nerves of the ex- 
tremities it is situated above the nuclei,' in the known decussation of 
the corpora pyramidalia; in both parts there is, therefore, perfect 
Gomspondence. In like manner, filaments arise from the nuclei 
of the sensitive nerves, which decussate, and convey the received 
impression to parts situated higher up. Now, as sensation appears 
to decussate, and the nuclei of the sensitive nerves lie on the same 
side as their termination, these nuclei cannot be the seat of the 
peie e ption of sensation. 

6. Besides this, there exists in the medulla oblongata a system of 
transverse fibres (Jiira arcuaia), some of which arise externally, 
soiroimd the medulla, and pass into the raphe, while others, in part, 
arise internally from the corpora restiformia and the root of the tri- 
geminus, in part from the nuclei of the nerves, and from the corpora 
oUraria. These transverse fibres serve to unite the two halves most 
intimately, and to produce a bilateral action so eminently character- 
istic of most nerves of the medulla oblongata, and such as occurs in 
no other part of the body, being seen in the bilateral action of the 
fsffp, die tongue, the voice, and respiration. 
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B. Of iAe Nerves 0/ tie Medulla OUangata. 

6. In addition to the above-mentioned bilateral oonneiiQiii Ae 
nnclei, particnlarlj of the facial, acceasoij and hypogloaaal norve^ 
are in part connected from behind near the fourth yentiick^ bja 
transverae oommiaaare, which appeaia to increaae the bilateral adka 
of these nerves. 

7. Of all the nerves, the auditory has in its central nndeaa Ai 
largest ganglionic cells, and in it the connexion of the latter with tb 
nerve-filaments, and with one another, is very easQy seen. From Hm 
central nnclena fibres radiate in the direction of the nndens of tb 
facial ner\'e, probably for refiex action of the stapedius mnade andof 
the tensor tympani, and for the partly involuntary reflex movemenb 
in the erection of the ears in animals. 

This nucleus of the auditory nerve is also closely connected with the 
sensory root of the trigeminus, and the two nuclei of the auditoiyin 
intimately united by many fibne arciformes, radiating from this point 

The so-called roots of the auditory nerve in the fourth ventride 
do not serve for hearing; but appear to be reflex filaments, wUck 
are connected by means of ganglionic cells with the auditory noft, 
and in terror caused by an unexpected sound, reflect upon the whole 
muscular system, and place the body in an attitude of defence. 

8. The glosso-pharyngeal nerve has this peculiarity, that it psssei 
through the middle of the great root of the trigeminus, thereby pe^ 
haps creating a closer connexion between nerves of taste and sensation. 

9. The abducent nerve diffiers from all other nerves of the mednlla 
oblongata in this, that its root, instead of curving inwards to the 
raphe, bends outwards. In this way it perforates, in an outwud 
direction, the fibres of the facial nerve and a portion of the fiidal 

. nucleus. It docs not, as Stilling thinks, arise from the latter, but 
merely perforates it, to pass posteriorly and superiorly to the hai 
nerve, apparently into the nucleus. 

This nucleus does not appear to be in close connexionfwith the raphe; 
that is, no filaments seem to run fit)m the nucleus to the decussatioa. 
Perhaps it is more or less intimately united with the higher situated 
cerebral fibres, passing to the opposite nucleus of the oculo-motor-* 
an arrangement which would afford a simple explanation of the anta- 
gaaim between the ocolo-motor of the one side, and the intemus 
of Ae oppoBte aide. 
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10. The nemu langemixniB is one of the most remarkable nerves 
of the medulla oblongata. 

While its minor portion, as a mnsonlar nenre, finds its nucleus 
very near the raphe, the major portion perforates, in an obliquelj 
descending direction, the whole medulla oblongata, to the inferior 
botder of the corpora oliTaria, In this course it passes all the other 
tarvee of the medulla obbngata and their nuclei, and gives off fibres 
to every nerve^ except the abducent ; consequently, it is connected 
irith, and can act on all the other nerves and their nuclei, as the 
fKrial and glosso-pharyngeal, and it is particularly intimately con- 
nected with the vagus and accessory, and also with the hypoglossal 
serves. In the same manner it is closely connected with the cor* 
pora olivaria. 

Hence the nervus trigeminus is a reflex nerve, par excellence^ 
whose reflex filaments convey the impression they have received 
eitiier directly to these different nerve-nudei, or indirectly give it 
ap again to the auxiliaiy ganglia. 

11. In every situation, where reflex filaments proceed firom the 
root of the trigeminus to the nerve-nuclei, fresh groups of ganglionic 
cells arise in this root. Itis even probable, that in general, where 
ft nerve-filament determines a special action, the latter is communi- 
cated ik> it through ganglionic cells. 
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. 12. Several nerves of the medulla oblongata have their auxiliary 
or accessory ganglia, which endow them with peculiar and most com- 
plicated functions. . 

The principal of these auxiliary ganglia are the corpora olivaria. 

18. Almost all these auxiliary ganj^ act bilaterally, and are at 
{he same time connected by special radiating fibres with the nuclei 
of $he nerves on which they act. 

14. The corpora olivaria, as the largest and most inqwrtant of 
the aeeessoiy gang^ are distinguished from other ganglionic groups 
hj their peculiar structure and very small multi-polar ganglionic cells, 

larginal 



into bsdculi of different degrees of strength. Of these fasciculi, 
■omB xnn to the central nuclei of the nerves, and others to the raphe, 
to unite with the corpus olivare of theopposite side. Besides thes6. 
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there are appendages^ or accessory corpora oliTaria^ which appear to 
agree with the former in structure and fhnction. 

15. The corpora olivaria are more intimately and closely comiedei 
with the nuclei of the hypoglossus, than with the nodeos of my 
other ner?e. This connexion is accomplished by a special tad 
passing out from the hilus of the corpus olivarci and terminating in 
the nucleus of the hypoglossus. The corpora olivaria are alsoumted 
by other fibres with the nuclei of the accessory nerve. Besides then 
connexions, the upper part of the corpus olivare is farther oniied 
with the nucleus of the facial nerve. 

16. Tlirough these connexions, the corpus olivare seems to sene 
as an auxiliary ganglion for the hypoglossal and accessory nerre^ 
for the purpose of regulating the innumerable combinations of more- 
ments of the tongue, which, as appears from pathological obsem- 
tions, take place in the articulation of the voice during speech, and 
in deglutition. All these movements require a bilateral actioD, 
which appears to be eiFected through the corpora olivaria. 

17. In animals, the corpora olivaria are smaller; in apes, although 
smaller, they correspond to those in man. 

In the lower orders, where the medulla oblongata is prolonged, 
the corpora olivaria are separated into two divisions on each sid^ 
of which the sujierior, situated somewhat more outwardly, are on ft 
level, and intimately connected with the nucleus of the facial nerve; 
whilst the inferior, standing on a level, and united with the nudens 
of the hypoglossus, approach nearer to the raphe. 

1 8. Tlie superior corpora olivaria are most strongly developed in 
the carnivora; they are somewhat smaller in the rodentia, stiD 
smaller in the herbivora, and particularly small in the ass. 

They therefore stand in a direct relation to the reflex action of 
the facial nerve, which, as expressive of the passions, acts much more 
strongly in the carnivora than in the herbivora, and particularly 
slightly in the ass. 

They consequently appear to be organs for the involuntary or 
reflex expressions of the passions. 

19. The inferior corpora olivaria are of the same size and extent 
in all animals which I have examined, and do not exhibit the variety 
in convolutions and circumference presented by the superior; they 
are strictly limited within the roots of the hypoglossus, and, there- 
txxn, serve as anxiliazy ganglia in deglutition, which is performed in 
the same manner in all these animf^K 
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£0. In Rum, these divisioiu are united, and it would appear tba,t 
different parts of the corpora olivaria exercise differeut functions, ac- 
cording to the nerves with whose nuclei they are connected by 
radiating fibres, for these several functions, as expression, articula- 
tion of the voice, and swallowing, may be separately lost in disease. 

21. In birds, too, the corpora olivaria are very small, both the 
superior, which are connected with the facial nerve, and the inferior, 
which are connected with the hypoglossal nerve. 

They have likewise a simple structure, and consist of ganglionic 
cells of a larger kind, which are, however, situated in the same places 
aa in the lower mammalia. 

The transition of corpora olivaria with minute ganghonic cells 
into portions which exhibit hirger cells, is very well seen in the horse. 

In birds, also, the superior corpora olivaria seem to serve for the 
movement of the feathers on the head and neck in passion ; the in- 
ferior, for swallowing. 

22. Besides these corpora olivaria, another group of larger gan- 
glionic cells occurs also in man and animals as auxiliary' gangUa, on 
a level with the facial ner^e, being very closely connected on the 
one side with the nucleus of the facial nerve, and on the other with 
the root of the trigeminus. This group appears to serve for the reflex 
action of the trigeminus, in winking of the eyelids, which, as is well 
known, depends especially on irritation of the fifth pair. 

It is remarkable, that this group of ganglionic cells is etjually ex- 
tensive in birds, which seems to be connected with the strong 
movement of the membrana nietiians. 

This group does not appear always to act bilaterally. 

23. Tlie connexion of the nervus vagus and its nucleus with a 
bundle of longitudinal fibres, which is situated on its outside, and 
appears to constitute the upper part or summit of the lateral columns 
of tlie spinal cord, is of great importance. From the nervus vagus 
fibres pass into this longitudinal fasciculus, where again ganglionic 
cells are situated at the seat of transition. 

This connexion appears to be subservient to respiration. 
Hence it foUows, that a very strong centrijietally acting stimulus 
to the vagus, brings all the muscles of the chest and nbdomen into a 
state of tension. One not so strong seems to act, in the first place, 
by me-ans of tliese longitudinal fasciculi on the phrenic nerve and the 
muscles of inspiration, causing the descent of the diaphragm and the 
eslaigement of the chest. 
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As the lateral colnmns act on the muades of the trunk, these ini- 
tationa of theyagnaare not followed by convnlaiona in the extremitia^ 
nor have we^ in hemiplegia^ paralyaia of one half of the trunk. 

In biida, this oombination appears likewise to be pRsenL 

24. Both longitudinal columns are connected with one another, 
as well posteriorly at the fourth ventricle, as anteiiorij by transrerse 
fibres or commissures and fibr» arciformes through the raphe, rm- 
dering respiration bilateral. 

A puncture or wound in the middle line or rqihe;, destroys this 
connexion in action, respiration ceases, and death is instantaneous. 

26. Besides these, there are also proper marginal fibres^ which 
run parallel with the conductors of the orders of our will round Ifas 
hypc^ossal and accessory nuclei, and in the same manner deeussafa^ 
and then curve upwards; they terminate in the lateral Icrngkodinsl 
columns, with which they appear to be connected by multi-polsr 
ganglionic cells. Through these fibres, our wiU acts on the litad 
columns of the spinal cord, and so on the resphratory orgaos. 

26. With these longitudinal columns, and especially with the 
nucleus of the vagus, the great root of the trigeminua enlen into 
very intimate connexion, so that in some places they seein to be 
coherent. This state of things is apparently doe^ related to the 
known reflex action of the trigeminus on respiration, exemplifled in 
sneezing, &c. 

27. Swallowing, when volnntarfly excited, is also a reflex actioii, 
which is always accomplished with rapidity, but is very compUested. 

The exciting stimulus appears to proceed chiefly fitom the m c a ti 
branch of the trigeminus, namely, the palatine nerve ; for diTiflioii 
of the lingual or glosso-pharyngeal nerve does not prevent swallow- 
ing. But the irritation seems to be convqred to the corpora olivaiii 
inferiora in animals, and to the corresponding parts in man, whense 
it is reflected on the hypoglossal and accessoiy nerves, with whidi 
these corpora olivaria are closely connected, and through which the 
act of deglutition is occasioned by the simultaneous excitation of 
many muscles into bilateral action. 

Perhaps, also, the small root of the trigeminus, by dosing the 
mouth, participates in the act. 

28. The nudei of the glosso-pharyngeal also appear to be nnifted 
with an auxiliary ganglion similar to that of the fiidal nerve, whidi 
anxihaiy ganglion is also dosdy connected with the trigeminus. 
With its action I am unacquainted. 
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SECOND PART. 



CHAPTEB I. 

m • 

vjiXHOLoeioAL nrTEsnoATioN or thi igbdttlli oblongata IK 

BSSAASj, and ESPBCIALLT op THX PBOXIMAXB CAU8B AND 
. UAXUXSAL TBBATMBNT OF SPILBPST. 

Iff 18 now many yetn since my investigations led me to the 
notion, that the proximate cause, and as it were the starting-point 
of qpilepsy and of convnlsionsj was to be sought in the meduUa 
oUongata. In accordance with this view, I ccmolude my essay on 
die spinal cord, published in 1864, in the following words : — 

'' The medulla oblongata is the principal centre, whence the more 
general reflex movements and convulsions derive their origin. I 
have for years been accustomed to seek in it the starting-point of 
q^flsptio attadu, and consider that to it the physician should direct 
his special attention. Even though the primary irritation may be 
semote, for example, in the intestines, a morbidly elevated sensi* 
Uitjr and irritation in the medulla oblongata always form the 
tgmMistixm of snch attacks, and render the organ in question more 
cipable o^ as it were, discharging itself in involuntary reflex move- 



• ^ An aocunte examination of the minute structure of the medulla 
oblongata, and especially of the pathological changes produced in it 
hjtijgSieptj <d long standing, which I have often observed under the 
fbrm of hardening, yet in reference to which, no microscopic investi- 
gitjotts have been made, may still throw much light upon the subject. 
I have not yet had opportunity to put in execution these investigations, 
to which I was anxious to direct the attention of physicians. 

"la this way alone will it be possible to escape firom th^ 
wihappQy rude and empirical treatment, which is still so commonly 
prevdent in reference to epilepsy* tnd of which I have witnessed so 
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many sad examples. Arational system of treatment of tliis ohsfebite 
disease can be based only i]^n a better acquaintance with the fiuio- 
tions of the medulla spinalis, and especially of the mednlla oUongstii 
whence we must endeavour to trace more accurately die nature and 
essence of the disease.'^* 

Impelled by the wish, to contribute my share in the solution of 
this difficult question, for the advantage of so many unhiqppy beingi^ I 
felt it my duty to apply myself diligently to the work. I have now 
examined microscopically the medulla oblongata in not less flian 
fourteen epileptic patients ; and in this essay I have endeavoured, m 
far as. possible, to explain the structure and physiolc^cal action cf 
this part. Lastly, I have endeavoured to apply the increased know^ 
ledge thus obtained, in the more accurate investigation of the nitere 
of epilepsy, and have communicated the results of my microsoope 
investigations on the subject, in order, if possible, to edaUish ov 
knowledge of this miserable disease on a more solid and rational 
basis. 

If we briefly review what has been said with respect to the me-' 
dulla oblongata, I think it will clearly appear firom my remados anil 
investigations, that this important part is characterized by a gad 
peculiarity of slructure and function which remarkably diatinguiak 
it, both from the brain and from the spinal cord. 

In the first place, the medulla oblongata differs from the brain and 
spinal cord principally in this, that its halves are so closely con- 
nected by an exceedingly great number of transverse fibres (Jlint 
orei/brMes) and commissures, that a bilateral action must be w 
cognised as more specially pecuhar to it; which action manifisatt 
itself also in the functions of most of its nerves, as I have above 
stated in detail of the facial, accessory, and hypoglossal nerves. 

In the second place, the medulla oblongata is uncommonly rich ia 
different ganglionic groups or nuclei, both for sensitive and motor 
nerves, to which several auxiliary ganglia are superadded, poa»' 
sessing the special property of immediately exciting in the healthy 
condition, on the application of any stimulus, numerous reflex 
phenomena in different definite groups of muscles. In no other part 
of the body do such phenomena occur in the same degree, and they 
manifest themselves especially in the muscular movements of tfa^ 
flEu^e, the tongue, and the organs of respiration. Hence, the medulla 

* Essay on the Spinal Cord, p. 80. 
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oblongata is di8tingai8hed as if par excellence by a peculiar capa- 
bility of exciting bilateral reflex phenomena. 

If we now compare with it the brain^ it is well known that an 
effusion of blood in cerebral apoplexy produces only an unilateral 
effect^ giving rise to so-called unilateral paralysis or hemiplegia. 
The same is true of the spinal cord. There also unilateral lesions or 
irritations, if they are not so violent as to give rise to general excite- 
ment, exercise only an unilateral effect upon the power of motion.''^ 

We cannot, therefore, by any means be surprised, that morbid 
affections and irritations of the medulla oblongata should ordinarily 
be characterized by bilateral reflex phenomena, indicating precisely 
tile medulla oblongata as the starting-point of these phenomena. 

Hence we understand how in the sensitive child any irritation — 
such, for example, as teething, whereby the nervus trigeminus, the 
reflex nerve, par excellence, is irritated — so easily gives rise to convul- 

* Some months after I had handed in this Essay to the Royal Academy 
of Sciences, I received, at the meeting of Natural Philosophers, at Bonn, 
through the kindness of Prof. A. Kussmaul, the Treatise published by him 
in coi^onction with A. Tenner, Untertuchungen ueher Urtprung und Wesen 
dgr faffntehtig&n Zuckungen hei der Ferblutung to wie der FalUucht ueher^ 
km^U Frankfort, 1857, reprinted from the Untertuchungen zur NaturUhre 
des Menschen von Moleschott 

These writers excited epileptic attacks in rabbits by cutting off the 
current of blood to the brain, by tying or compressing the four cerebral 
arteriei. They thus came nearly to the same conclusion, that the cause 
of such attacks was situated principally in the medulla oblongata; as these 
eonvnlsive spasms were still excited by keeping back the blood, after the 
cerebrum, the thalami, even to the corpora quadrigemina, and to the pons 
Varolii, were cut away, as well as after the removal of a great part of the 
cerebellum (L c. pp. 77, 88). The cause of these convulsive movements 
cannot, therefore, be situated in these parts, but must, of course, be sought 
m the medulla oblongata (L c, pp. 92 et seq.) ; while, if the spinal cord near 
tbe meduUa oblongata was deprived of blood by tying the aorta, convulsive 
spasms of this kind never arose (/. c. p. 63). 

It is well known that Marshall Hall at an earlier period ascribed the 
convulsive spasms in apoplexy and epilepsy to obstructed return of venous 
blood (On the Threatening of Apoplexy and Paralysis, ^c, by Marshall Hall. 
London, 1851, p. 30, § 122). This impeded return of venous blood is said 
to be the result of the spasmodic contractionsof the muscles of the larynx and 
of the neck, viz., the platysma myoides, stemo-cleido-mastoid, omohyoid, 
trapezius, scaleni, and even of the subclavii, which certainly do not act in- 
juriously, /. c. p. 37, § 151 et seq. He forgets, however, to state what is the 
CAOse of ihese previous muscular contractions, which take place in the 
course and not at the first commencement of the attack. 



210 PATHOLOGY OF THE MEDULLA. 

sions, that is^ to mToluntary reflex movements^ in the fint plaoey of 
the face and respiratoij organs^ and in a more advanced stage, of the 
trunk and extremities. 

The first action manifests itself, as has jnst been observed, almost 
always in the face and the respiratoij organs. If we now remember 
what we have above remarked, with respect to the obUque conrse of 
the root of the trigeminus in the medulla oblongata^ and to its 
reflecting powers on the facial nerve, on respiration, swallowing, &c^ 
we shall not be surprised at the occurrence of these invohmtaiy re- 
flex movements and convulsions on increased irritation of these parts. 

If we further compare the phenomena which occur in epilqnj, we 
shall be led to the same results. 

It is well known, that the attacks of epilepsy are di8ting;ui8hed by 
severer or slighter fits; that is, that all the* phenomena do not 
occur with equal constancy in every seizure, but that some are often 
wanting, while others exhibit themselves more constantly, even in 
alight attacks. 

Although in my opinion, Herpin^s well-known work on Epilepsy,* 
in the great majority of points, does not deserve the high conaidoi- 
tion which has fallen to its lot, yet the accurate description of the 
phenomena of epilepsy, and especially the division which the author 
makes into the more and less constant of these phenomena, appean 
to nic to bo one of the most elaborate parts of the work; of the cor- 
rectness of which description and division ample experience has 
convinced lue. 

One of the principal of the more constant, in addition to the loss 
of consciousness, is a spasmodic affection of the pharynx and larynx, 
with more or less of spasms of some of the muscles of the face, so 
that even in slighter cases these are scarcely ever absent.t With 
those symptoms is usually combined greater or less disturbance of 
respiration, which, if the attack becomes more severe, increases in 
degree ; on which strong convulsive movements of the face;, trunk, 
niid extn^mities rapidly follow, although in slighter attadcs thej 
do not appear frequently. J 

In some cases, of which I have observed several examples, no loss 

• llorpliii Dm pronostic et du traiiement curatif de fEpUeptie, Paris, 1852. 

t Herpiui /. c. pp. 433 et ttq, 

X I frt'oly admit with Marshall Hall that the muscles of the neck and 
larynx at the same time hy their spasmodic contractions, compress the veins, 
and 80 promote venous congestion, and increase the severity of the attacL 
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of conscionsness takes place; bnt a few contractions set in suddenly 
in the £ace^ and spasms along the back^ with more or less change in 
respiiationj while the spasms may extend even to the extremities. 
In these cases it is only occasionally that perfect attacks of epilepsy 
with loss of conscionsness occur. 

In other instances^ in slight attacks^ loss of consciousness alone 
iakes place^ without any convulsive movement. In one case which 
ooconed under my own notice^ a lady continued to walk about and 
ffallow her occupatdon^ even to eat and drink ; so that nothing unusual 
eould be observed in her. But she did not answer questions put to her^ 
md awoke after some moments as out of a dream^ without knowing 
what had happened in the interval. Only occasionally did more com- 
plete epileptic symptoms manifest themselves. Similar loss of con- 
soooaiiess without convulsive movements, and even with maintenance 
of position^ I have often observed^ and have seen it alternate with 
true epilepsy. 

The loss of consciousness is^ therefore^ not a cause of epilepsy^ but 
probaUy^ as I shall show hereafter^ a result of the altered circula- 
tion in the brain^ which arises in the beginning of the attack from 
Ae effects of spasm upon the cerebral vessels. 

Sometimes the epileptic attack begins with a shriek^ on which the 
nfierer £b118 suddenly down. Several varieties however occur^ the 
fpedal description of which would lead us too &r. 
- It will be sufKcient^ in summing up this brief enumeration of the 
phenomena^ to state^ that the convulsive spasms in epilepsy affect by 
preference and in the first place those muscles whose nerves arise in 
tte medulla oblongata, as the facial, accessory, hypoglossal and the 

It is chiefly the muscles moved by the accessory nerve, as the stemo- 
deido-inastoid and trapezius, and by the hypoglossus (descending branch), 
M the platysma myoides and omohyoid, which act in this case. It is, 
r, very incorrect to suppose, with this writer, that the vertebral 
more forcibly compressed in epilepsy, and the jugulars in cerebral 
^oploxy. Let it not be forgotten, that in the commencement of the fit 
Aii pressure and action have not yet taken place, and that the venous 
eongestion is strongest towards the end of the attack, exactly when the 
Hostviolent phenomena again begin to disappear. Nevertheless the venous 
eongestion positively increases the violence of the attack, and toward.s the 
end the circulation is restored through the exhaustion of the spasmodic 
■ctioii of the medulla oblongata, and of the facial, hypoglossal, and acces- 
Mry nerves. This congestion, however, is not the cause of the attack. We 
can easily perceive how much such actions of the muscles indicate an 
Irritated condition of the medulla oblongata. 

p2 
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portio minor trigemini, the affection of, these nerves being plainly 
manifested in the grinding motions of the jaw, or in the rigid dosnre 
of the mouth. The convnlsiye affections which occor in slighter 
cases, are limited within the sphere of these nerves. These spasins 
we may regard as constant, and as I have already observed, more or 
less violent disturbances of respiration attend thenu If, however, the 
attack is more severe, the spasms are no longer confined to these 
nerves; the muscles of the chest and abdomen especially become 
violently contracted, and are sometimes so rigidly fixed as to pro^ 
duce suffocation, showing that in epilepsy the lateral columns of ibe 
spinal cord, which arise in the medulla oblongata and govern the 
movements of the chest and abdomen, participate with particoltf 
violence in the abnormal or excited action. If we now remember, thai 
on central irritation of the nervi vagi, as we have above seen, a simihr 
tetanic contraction of the muscles of inspiration and expiration is ex- 
cited, this phenomenon, so common in epileptic attacks, will of itsdf 
indicate the medulla oblongata as the point whence the proximate 
irritation causing the convulsive movements proceeds. In this sort 
of attack the action also extends to the anterior columns, which as 
corpora pyramidalia pass through the medulla oblongata, and ihiB 
developes the well known spasms of the extremities.* 

Tlie swelling and protrusion of the tongue, the latter being usuaDy 
more or less severely bitten by the patient during the attack (without 
his feeling it, as he is then perfectly insensible), deserve especial 
attention. In some epileptic patients, as I shall hereafter more faDy 
show, this symptom of biting the tongue never occurs. 

We may therefore regard the more or less violent congestion of blood 
in the head, which constantly manifests itself in ordinary epileptic 
attacks, as secondary, and as the result of impeded respiration. In 
consequence of the spasmodic contraction of the respiratory apparatus, 
the circulation through the lungs is obstructed ; by the spasmodic 
contraction of the cervical muscles the veins are compressed 
(trachelismus of Marshall Hall) and the return of the blood firom the 

• It appears to me to be still uncertain, whether we should regard these 
affections of the corpora pyramidalia, apparent in the convulsive movements 
of the extremities, as being communicated from the medulla oblongata to 
these columns, or whether they are the result of secondary, or sometimes, 
indeed, of primary congestion and irritation of the corpora striata in the 
brain. It is sufficient that in an epileptic attack the convulsive spasms m 
the extremities do not manifest themselves as the first phenomenon ; they 
are almost always preceded by the affections of the face and respiratory 
orpoiB, however brief this interval may be in violent attacks. 
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liead 18 impeded. The reflux of venous blood to the chest is 
Bieanwhile promoted by the alternate spasms of the extremities, and 
die blood so accamulated tends still more strongly to oppose the 
ntam of that from the brain. 

Towarda the end of the fit the impediment to respiration com- 
iMnoes to pass off with a deep inspiration, followed by stertorous 
breathing, doling which the congestion begins to diminish, and the 
awDUen Ycina of the head to contract and unload themselves. The 
internal oongeation of the brain and its consequences are subse- 
quently manifested in the more or less profound sleep which follows 
ereiy attack. 

Although in the fits of epilepsy the convulsive spasms are usually 
bOateraly both sides are not equally affected, or, rather, the in- 
termittent convulsive movements are often stronger on the one 
ade than on the other. Thus, the angle of the mouth is often drawn 
obliquely, more strongly to one side than to the other— even the eyes 
an frequently turned obliquely with slight convulsive spasms, to the 
«De side : the tongue is obliquely curved in the mouth, and very 
often the patient bites one side of the tongue in each attack. The 
head ia also, with constant shocks, obliquely drawn more strongly 
to the one side, through the preponderating action of one stemo- 
deido-mastoid muscle, which, as is well known, receives also motor 
fflamenta from the accessory, and thus participates in the general 
oonvulsiYe movements with which the muscles receiving their nerves 
from the medulla oblongata, are preferentially affected. The cause 
of this unequal action appears to me to lie especially in a primary 
affection of the brain, in reference to which I shall hereafter enter 
into several particulars. 

' Afl^ however, it is by no means part of my plan to digress into a 
detailed description of epilepsy and its phenomena, the foregoing 
may suffice to show, from the generally received symptoms of this 
disease, that the starting-point of the various convulsive movements 
ia qnlepey, must be sought in the medulla oblongata. So that even 
in slighter attacks of epilepsy, the spasmodic phenomena begin from 
tUa pEfft, whence, in more violent seizures, the action excited extends 
to a greater distance over the nervous system. 

Tht same is true of most other convulsive affections, as eclampsia, 
diorea, in which, commonly, the muscles of the neck, head, and 
tongue are affected.'*^ 

* Romberg^ Lehr, d, Nervenkr,i 1 B., 2 Abth., p. 437. 
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Thus, a contraction and obstroction of the throat is known as 
globus hystericus, which, proceeding from the aocessoiy or vagus, 
again implies an irritated condition of the medulla oblongata. Even 
tetanus and hydrophobia we cannot separate from this organ;* 
and it is thus evident, what an important part the exalted capability 
for reflex movements possessed by the medulla oblongata when irri- 
tated plays in most nervous affections. 

Let it suffice for our object to sbow, that precisely in this exalted 
sensibility of the medulla oblongata lies the starting-point and source 
of spasm in epilepsy. 

* Romberg makes the important obserration, that in hydrophobia the 
corpora olivaria are very highly injected, L e. p. 528. 
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CHAPTEE IL 

OK TBI NATUES AND PEOXDCAXB CAUSES OF CONVULSIVE 

MOVEMENTS. 

When we inqiiire what are the proximate causes of convulsive 
movementSy we are at once referred to the ganglionic cells as the 
parts of the nervous system whence all action proceeds, which is 
oonvejed through the nerve-filaments as conductors to the muscles. 
It is, therefore, to the ganglionic cells our attention must first be 
directed in entering on a more accurate investigation of the subject 
of the present chapter. 

These ganglionic cells, which are almost always collected in groups, 
and are mutually connected, may be compared to galvanic or electric 
latteries, which must be charged to a certain extent before the elec- 
tricity, accumulated in the Ley den jar, has acquired sufficient tension 
to discharge the flask. The discharge is in this case effected, not by 
a constant stream of fire, but by a sudden spark. Or, perhaps, a com- 
parison with the phenomena in electrical fishes is still better, where, 
Ekewise, a violent discharge takes place, which requires some time, 
especially where there is any exhaustion, before it can be repeated. 

There is, however, in these ganglionic cells, something peculiar, 
which is not yet fully explained. Thus they are connected, as I have 
formerly endeavoured to show at length,''^ on the one side with 
nerve-filaments, which, as conductors of the orders of our will, are 
derived from the brain. Through these the ganglionic cells can be 
immediately brought into action, and the muscle contracts almost at 
the same moment in which the orders of our will are issued. Yet 
these gan^^onic cells are also connected on the other side with 
nerve-filaments, accompanying the sensitive nerves, which I have de- 
scribed as reflex nerves,t and of which, in treating of the trigeminus, 
1 have brought forward a sufficient number of examples.^ Usually 
the action does not take place so quickly on stimulation through the 

* Essay on the Spinal Cord, pp. 60, 66. f ^ c. p. 66. 

t See above, pp. 136 et ieq. 
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reflex filaments^ and^ at least when the ganglionic ceQa are diacharged^ 
some time is necessary before the reflex action manifests itself anew. 
If, however, the action has once begun, the muscular contractioDs 
follow rapidly, as in sneezing, swallowing, coughing, &c. The more 
irritated the condition of the cell now is, the more quickly does the 
reflex action take place, and the slighter will be the stimulus to the 
reflex nerves required to produce a reflex action. If the cell is 
exhausted, some time is necessary, as it were, to charge it again, 
just like an electric jar, which, if it is discharged by a spark, must 
be charged a&esh, before it can again exhibit the same electrical 
phenomena. 

Now, why the orders of our will act otherwise on these. gan^ome 
cells, so that we can maintain a muscle for a long time in a state of 
strong or weak tension, while, in reflex action, the power of the cell 
is exhausted as in a moment, and the action ceases for a shorter or 
longer period, we know not, and we can scarcely oSer a sAtishdonj 
hypothesis in explanation of this point. It is enough that experience 
proves its truth, and we must therefore receive it as an unexplained 
fact, and infer, that the action of the reflex nerves on the gangliomo 
cells differs from that of the orders of our will. Perhaps the cause 
exists in the peculiar nature and action of the reflex cells ; since, if 
our will acts directly on these reflex cells, as in swallowing, the 
action, rapidly interrupted, is performed by way of discharge. 

It has, however, been clearly ascertained, that for the restoration 
of this activity, a certain quantity of arterial blood is required, ou 
the effect of which on the ganglionic cells their capability of action 
depends. It is, indeed, true, that we see convulsive movements ensue 
also after loss of blood in haemorrhages ; but here so many causes 
cooperate to produce a change in the ceU, that we are not in a state 
to follow with sufBcient accuracy the whole course of active causes 
and effects in their several relations, and to watch nature everywhere 
in her hidden agencies. Quite in accordance with this, is the great 
number of blood-vessels which are present in the grey substance of the 
spinal cord and brain, in comparison with the so-called white or 
medullary matter, wliich is produced by the conducting filaments. 
Of this 1 have given several drawings in Ecker's dissertation,* all taken 
by myself, with the greatest fideUty, from preparations of my own. 

• Ecker, Cerebri et Me<LSpin,Syttem. CapUL Traj. ad Men. 1853, also copied 
iuto the Nederlandtek Lancet, 1852—53, pp. 329 et teq. See for example, 
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Nowhete, however, have I found the quantity of capillary vessels 
BO great and presenting such a densely interwoven tissue, as in the 
ooipus dliare of the corpora olivaria.''^ This body, in fact, affords one 
of the most beautiful capillary networks to be met with in the system ; 
the veaseU existing here in much greater number than in the grey 
oomua of the spinal cord itself .t Thus, also, I have observed that the 
other groups of gan^onic cells, occurring in the medulla oblongata, 
u those for the hypoglossus, vagus, &c., with the accessory or 
MDuliary ganglia, are uncommonly rich in blood-vessels. 

We must hence infer, that more arterial blood flows in the 
ganglionic groups of the medulla oblongata, and that thus also a 
more active metamorphosis of tissue takes place there than in the grey 
horns of the spinal cord. To the very vascular parts belong, however, 
in addition to the grey substance of the arbor vitse in the cerebellum,^ 
— with the use of which we are still unacquainted — the thalami,§ and 
eqiedally the corpora striata, || which are very rich in vessels, although 
none of these parts equals in vascularity the corpora olivaria. 

It is evident that the vascularity of the ganglionic groups, and the 
qnantily of arterial blood suppUed to them, are directly related to the 
intensity of their action. We see this sufficiently exemplified in 
childhood, where the metamorphosis of tissue takes place more quickly, 
wUlat the vascularity is also greatest, and the excitability or sensi- 
bility of the whole nervous system is so much more intense, that a 
idfltively slight irritation, as that of cutting teeth, easily produces 
convulaions, which, at a later period of life in the most violent 
attacks of toothache or facial neuralgia, occur with extreme rarity. 

The capacity for reflex movements is thus promoted by a strong 
arterial afflux of blood, which increases the vital actions of the gang- 
Home cells. As, however, the ganglionic groups in the medulla 
oblongata receive the most vessels, the reflex movements should also 
by preference take place here ; and tliis again agrees with the function, 
Ibr example, of the corpora olivaria, whereby such different reflex 

Fig. 1, Of mat corticalis cerebri; d, materies medallaris. Fig. 2, a, b, the 
grey substance of the cerebellum ; d d, e e, the medullary matter between 
die laminsB of the arbor vitae. Still stronger for example, in Fig. 3, a a, a 
portion of the corpus olivare from the corpora civaria; e e, /, the 
medullary substance in and without this body. 

• Ecker, /. c. Fig. 3, a a. 

\le. Fig. 9, h h. 

X Ecker, L c, and Lancet, Fig. 2, a, h. 

1 1, e. Fig. 4. II /. c. Fig. 3. 
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movements, as we observe in no other part of the nervoos system^ an 
produced, or with the constant reflex movements, which are incessant^ 
developed from the vagus on the lateral columns of the medulla for 
regular breathing. 

We may hence infer that, other things being equal, where there it 
general excitement of the vascular, and increased activity ol the 
nervous system, involuntary reflex phenomena should, perhaps^ after 
the application of a slight stimulus, first arise in the part in wfaidi 
vascularity is greatest, and where the natural capacity for reflex 
phenomena is strongest, namely in the medulla oblongata. Hoi 
extremely probable conjecture has been converted into certwdj \j 
the important experiments of Brown-Sequard.''^ 

Thus, this observer found that if he injured the spinal cord 
in mammalia, especially by cutting through one half of the ccnrdj 
or the posterior columns and posterior horns of the grey substance 
(wherein I have, on a former occasion, shown that veiy fine longitudinal 
fibres exist, which appeared to me to serve to unite in an harmonioiii 
movement the reflex impressions on several distinctly aitwiled 
ganglionic groups),t and if the animal survived this daagerow 
operation, after the lapse of three weeks convulsive movementa were 
excited, quite agreeing in every respect with epileptic attacks. At 
the same time the very remarkable phenomenon was observed, that if 
the left side of the spinal cord was cut through at any spot betweeo 
the seventh or eighth dorsal and the third lumbar vertebra, it almost 
invariably followed that stimuli applied to the left side of the face 
occasioned convulsive movements, while if applied to the right aid^ 
they by no means had this effect. 

This capacity for reflex movements did not manifest itself until 
after the third week from the receipt of the injury. The convulsions 
extended over the whole body, with the exception of the part 
paralyzed by the transverse section, and were consequently not 
unilateral. After some time these convulsions again ceased, and were 
subsequently repeated. 

The convulsions sometimes arose spontaneously without any 
external stimulation ; but among all the parts of the body there is 
only one where slight irritation was sufBcient to exdte them, namdy, 
the side of the face, or as was subsequently more particularly shown 

* Comptes Rendus, 1856, No. 3, Janvier ^ pp. 86 et teq,, and 11 Oct, 1856, 
No. 91, pp. 644 et seq.; and Archivei GSnirahi deMSdedtUf 1856, F^mtr. 
\ Essay on the Spinal Cord, p. 68. 
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of ihe cheek. The space in question was 

by a line drawn from the eye to the ear; anteriorly^ 

the eye straight down to the under jaw ; and 

passing hence to the ear and the lateral purts of the 

even to the shoulder ; it consequently corresponded 

pplied by the second and third branches of the 

ly enough^ irritation above the eyes^ the ears 

not capable of exciting these convulsions, that is, 

second and third branches of the trigeminus including 

branch, and, according to Brown-Sequard, also, 

nd and third cervical nerves, to which in the cases 

of the shoulder was sufficient to produce the spasms, 

the fourth cervical nerve. I believe, however, that 

less engaged in producing this action, and that the 

of irritation of the accessory, wliich extends 

iO-deido-mastoid to the trapezius above the 

\, if we irritated the middle line in the neck, whether 

ly, to which the accessory nerve does not 

ions followed, as should have taken place, if the 

cervical nerves were, in these instances, the conduc 

movement. 

df the body, notwithstanding the greatest irritation, 
producing these convulsions ; yet if respiration was 
a couple of minutes, convulsions were likewise 

■one side of the spinal cord was cut tlirough, only one 
le of exciting these convulsive or epileptic move- 
other cheek might be irritated with impunity, and 
any result. But if both posterior columns were 
symptoms were occasioned by irritating either one 
* These experiments lead to most important 



llace, this capacity for convulsive movements did not 
[ the third week after the infliction of the injury, and 
in the medulla oblongata, which is very far from the 
We must hence infer, that the irritaU^d condition de- 
injury of the inferior dorsal or lumbar {lortion of 
extended slowly upwards to the whole cord, and parti- 
medulla oblongata. Indeed, thciie convulsions could be 

* CompUt Rendutt Oct., 1856, pp. C44 tt seq. 
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excited hj irritation only from the medulla oblongata throngh tbe 
nenms trigeminus^ and probably through the accessory. 

This is still farther confirmed by the conrse of the oonvuLnoiis 
themselves. Thos^ the first conyulsive movements which arose, wen 
confined to spasms of the face and of the ^es; some days after ddt 
first attack, the muscles of the larynx, neck, and chest were affDcted 
with convulsions, and finally, the muscles of the trunk and extreai- 
ties participated in the movements.''^ One of the first phenomena of a 
complete attack, consisted in a spasm of the glottis, or of the muades 
of respiration.t 

This is more fully explained in the second essay by the writa^,( 
where he says, that if the skin be gently irritated in these anfmals 
in one of the places mentioned, a slight spasm of the muscles of 
the eyelids, face, and neck, of only short duration, ensues, but only 
on one side. The animal cries even less than if other parts are 
irritated ; it is, therefore, not the pain, but the action on the reAex 
nerves, which produces the spasms. Thus also, a stimulus to the 
trunk of these nerves (the second and third branches of the tiigeiiii- 
nus) produces no convulsions, but convulsions are developed so long as 
these nerves are connected with the skin, the latter being at the- 
same time irritated ; and the silme is true of reflex nerves in general. 
Indeed, it is well known, that reflex phenomena are excited by a 
stimulus to the skin or mucous membrane, but not to the trunks 
of the nerves themselves, a fact, which is confirmed by my own ex- 
periments. 

If, however, the irritation on the cheek or neck is severe, the head 
is drawn strongly by the convulsions to the one side by nearly dl 
the muscles of the side (probably most strongly by the stemo-deido* 
mastoid) ; the mouth is opened by the action of the depressors of tbe 
lower jaw (». mandibular^ and hypoglossus); oftentimes a loud hoarse 
cry is produced by the muscles of expiration and the convulsive vibra- 
tions of the chordae vocales (or rather of the muscles in the laiynx, 
which put these upon the stretch), and the animal quickly falls, some- 
times on the irritated, sometimes on the other side. The convulsive 
spasms now manifest themselves ovei: the whole body, except in the 
paralyzed limb. The head moves alternately from one side to the other 
(consequently the influences which produce the contractions are not 

* Comptet Renduij 1856, Janvier, section 7. 

+ /. c. 

X Comptet Rendut, Oct, 1856. 
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ecmfined to the one ride, but have, in the medulla oblongata, been 
oonv^ed also to the other side, as from our anatomico-phjsiological 
theory of the oi^ns might be expected) ; the muscles of the face and 
cyn BncoeesiTelj contract (fEunal) ; the non-paralyzed parts are thrown 
into violent convulsiye movements; the respiration becomes irregular 
and spasmodic; the fiseces are expelled^ and discharge of urine also 
ofitea takes place (that is the contraction of the abdominal muscles 
is exdted^ or tetanus of all the respiratory organs^ as in more violent 
attacks of epilepsy); sometimes there is even an erection of the penis 
with seminal emission. The fit does not last long, but is frequently 
repeated.* 

We see in this description, as Brown-Sequard himself expressly 
states, the exact picture of a violent attack of epilepsy with all its 
symptoms, in the order in which they occur in an epileptic patient. 

It is extremely important, to observe in the foregoing that after 
such an injury of the dorsal or lumbar portion of the spinal cord,t 
the exalted reflex phenomena do not exhibit themselves in irritation of 
that part pf the cord which is situated next the wound, and which 
ve should expect to be first and most violently affected by the appli- 
cation of the stimulus. But the phenomena exhibit themselves first 
in the medulla oblongata, when the part commences to participate 
in the general morbid excitation of the spinal cord occasioned by the 
iojoiy. And even then irritation of the inferior portion of the cord 
is not competent to excite these convulsions, but according to Brown- 
Sequard only irritants, directly applied to the medulla oblongata are 
cq^ble of producing such effects. Even irritants applied to the 
paralyzed foot, which on unilateral section of tlie spinal cord changes 
into a condition of hypersesthesia or increased sensibility, do not 
pcoduoe these convulsions. 

• CompUt Bendut, Oct. 1856. 

f lliere is no doubt that iiguries of higher parts of the spinal cord 
would produce the same phenomena ; but these affect the life of the animals 
■o much, that they die before this change in the medulla oblongata 
has occorred. The animals do not under these circumstances live three 
weeks, or at least, if the injury was not so severe, they very seldom do so. 
But if the spinal cord is irritated, indirectly for example, through an injury 
of the finger or the neck, which produces constant nervous irritation, the 
medulla oblongata may by this nervous irritation be affected in the same 
manner, and spasms, epilepsy, and even tetanus are often the well-known 
resnlts. See several such cases among others mentioned in Pfliiger, Die 
SgmariMckgn Fuuctionen det RUckenmarks, Berlin, 1853, pp. 87 et Meq., 
BtobadU. X., XII., XIII., ei teq. 
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These important investigations quite agree with the results 
previously deduced by Ffliiger, firom a great number of obsenrations, 
his conclusion being; that on irritation of a sensitive nerve of the 
brain (trigeminwl) the progress of reflex movements is downwards, 
or towards the medulla oblongata, while on irritation of a spinsl 
nerve the progress of reflexion is inverted, from below upwards, thit 
is, likewise towards the medulla oblongata.''^ Hence, if the reflexion 
occurs in motor nerves, lying even very distant from the irritated sensi- 
tive nerve, the reflectorally excited motors are always such asarise from 
the medulla oblongata ;t and it is therefore not until the irritation 
has reached the medulla oblongata that the reflex movements can 
pass to the other side and extend over the whole body4 But if the 
irritation of the medulla is not too great, it may, when it has reached 
the medulla oblongata, extend over the body, but only on the same 
side.§ Consequently a higher degree of irritation is necessaiy for 
the transference of the spasms to the opposite side than for their 
extension on the affected side; therefore tetanus is a result of a 
greater irritation than that by which intermittent spasms and con- 
vulsions are excited. From all this we clearly see;, both that the 
medulla oblongata is distinguished by a greater sensibility to irritation 
and also that this is the situation where bilateral convulsions ori- 
ginate; that thus we must regard the medulla oblongata as the 
proximate starting-point in convulsions, such as those which occur 
in epilepsy and other nervous afi'ections ; and that in the majori^ 
of cases the most violent action takes place on the side whence the 
irritation of the spinal cord or from the brain has proceeded. 

We have shown above, that the medulla oblongata is particolariy 
rich in blood-vessels, because an abundant current of arterial blood is 
required during its increased activity. On the other hand, we have 
seen that in reflex movements its activity is commonly rapidly 
exhausted and the convulsive motions set at rest; — ^to begin again 
subsequently, or to be constantly repeated, — an important peculiarity 
which requires still further explanation. 

From Brown-Sequard's experiments, it appears that if the one 
side of the spinal cord, or the two posterior cornua are cut through, 
and the animal has borne the consequences of this violent operation, 

* Die Seruorischen FunctUmen det Riickenmarkt. Berlin, 1853, p. 74. ' 
t Pfliiger, /. c. p. 78, V. J /. c. 

\ Pttuger, /. c. Beobacht. IL, III., V., VIII., XII., XIII., etc. Sec also 
the Index and an Appendix to the work. 
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be epileptic symptoms do not begin to manifest themselves until 
;Iie third week after the operation. It was also found that for 
sxcidng these symptoms a slight irritation was at first usually re- 
quired; Bometimes blowing on the part was sufBcient; but that 
ifterwarda convulsive spasms b^an to manifest themselves spontane- 
nuly, in other words^ the animal had become epfleptic. 

Hence we see^ that after the infliction of a wound in the inferior 
part of the spinal cord, a certain morbid condition has been slowly 
kveloped; that is, inflammation has arisen as a necessary result at 
Jie aeat of injury, and a state of exalted sensibility has 2?radually 
been oommunicatcd to the entire cord, and finallv to the medulla 
oblongata. But we have already shown, that the medulla obloi^gata, 
ibove all other parts of the nervous system, possesses a special caj/a- 
oty for exciting reflex phenomena, even in the healthy state. It is, 
therefore very natural, that, as a consequence of the augmentefl irrita- 
bility, this capacity for reflexion should be greatly increased ; and 
we accordingly see it, as in epOepsy, rise so high, that the rr-flex 
phenomena begin to manifest themselves spontaneously and without 
external irritation. Moreover, what is most important, these pheno- 
mena are not constant; but, as Brown-Sequard expressly obs^.-n'es, 
the fit does not last long, but is often repeated. 

Here, then, we observe the singular fact, that, although the r;xciting 
cause, the iiriitating woimd inflicted on the spinal cord, and the more 
excitable state of the medulla oblongata so produced, are constant, 
the phenomena are, nevertheless, intermittent. 

^e same very often takes place in the human subject. From a great 
number of examples which I might bring forward, I will Hi:lf:r;t only 
one, bonowed by Pfliieger from Dieffenbach^s Operatir.e ChifuTgie. 

"A young girl, who some years before had fallen with one hand aw a 
wine-^ass, sufiered from violent neuralgic pains, emaciation, c(jntrac- 
tioiiy and complete uselessness of the hand. But thr: whole nervous 
BjBtem was affected in paroxysms with rcflcctorally-excitcd qiihrptic 
attacks. The fingers were in the highe^^t dcgrcx* contracted, fiartly by 
spasma, partly by dense cicatrices. On cutting the latter, a minute 
splinter of glass was found, of the shape of a fine fish-scale, which 
had wounded {angeschnitten) a nerve. Tlie nerve was, in this situa- 
tioUj thickened and hardened. After the operation the neuralgia, 
the emaciation, the contraction, and the epilepsy disappeared. The 
patient again became perfectly healthy, and even regained the com- 
pLete use of the hand.'' Fflliegcr adds : ^' This case teaches us, iu the 
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:tA?*. ue jsv cc -L'.zMerL condneiiaB and reflexion, as we 
r & vm:-: ?!6tt sptt5m oalr in the one arm). \i\\]i 
iif^ !eju :(f iiff i3ecD>si, v-f find it to be constant in 
"Ur :ci^ zcv^A Turm?^ :o ^^bfi ibt initaied anisidTe nerve-fibre 
r^miT^i. Irrct oaf :•:■ izi*, br'^erfr, the irritations extended to 
:c:»fr Tnzsi^zr -xrr^s^ viii irocarfi cndo- the form rf general rdki 
«9fcsii* -wiarz. fcZ 'warj lif ::mkl df TKKcinanon of epilepsy."* 

Tls? T-f we 11. lij^ rj:«e. aiso. a canstant irritation ; llie inflamed 
z^^r^'.. uii liif cttL* :■: paa^. ▼iacn producing persistent oonbae- 
r.'.-!! :c ~j£if ULsrjf« :c 'x ara. eic:w in the mednlla oblongata onlj 
'f^Lj^r^ r^Cri iiMirrifSi. :':iii i*. eptepsr ; all vhich phenomena 
IA.I .-*:•:: :iPfC'> *>nppnkr ifitr Hkt ranoral of the pennanoit cause, 
rtij. zzii ZTkczrzz :c' £!i» frr^a The inflamed nerve. Conseqnentlj, 
•Tf rj^ic LIT* '>Kc arj rrs^ organic change or degeneration 
Lz :b^ .-^rrrirAl jirfxa* :c *9ZUil cord, cf ihe mednlla oblongata; for 
zaI <j:i «;:cr?f X rr.TArra exifted, ibe phenomena would not so 
fUijc; .r ^.xxi-7 half irrrKi vat an^ the removal of the foreign 



i . rc:c:;.>f epiifpfj, lij*:^.'^:^, no dijorganizaaon is neoessaij, no 
rrn: c^rx^r -^ :bf ::^5:2r. but onl'v ii:cppaged excitabibtv, and com- 
r- :. ■'. L* »* fr.ill *-*«aSer *ee, aiiirmenied determination of blood 



?-: :: > r:-: irtvesNirr in ordt^r i.- excite this exalted capacity for 
r;rf\ i.::-c- -.n :"* zif^iulla obion^raxa. that this stimulus should 
-C'ST* :•: ir?'::-.: :"jvzi:h a spinai nerve, the sympathetic and 
vijr;i5 cffct ZLt ^\mt. We know bow, in children, convulsions arise 

• l^^.ziT f^^-7.-rf% j># R^cin'wts''cg, pp. so ft seq., Beobacht XIII. 

I- ~*=T r^<c* ."*:" ir;>:^*i' :h# c^axulsive movements are usuallv more 

jw'.izi .^t: -f *iit* ihAn on :be oiher. and the bead, for example, is 

dra«T: o-^r.s:Ar.:".% :.- the on? fide. Hott far we may bence infer, that the 

reTr.^'c e\c::ir.£ c\;i«e i« app'.ied on the opposite side of the brain, or on 

ir.e *A:r.e «de :hr,^'.;^h one of ihe $pinal nene*. I cannot say; but it appears 

to n*.e xery prv^hah'e. ihar fi\^ra ftroncer traction to one side in epilepsy, 

e»:«<vial'y if thi«. a« i« usual, is constant, we must suppose the existence 

of an unilateral exc:tinp stimulus, whether this be situated in the brain or 

in one of the spinal nor* es. As it appears further from Callenfels' experi- 

mentsi On irrzwkinpfn over nVn imrloed dtr raatzenmrfn op den hloedsomhop^ 

Utrecht, l>5o. p. 67 . that irritation of the one sympathetic influences 

the blood-vessels only on the one side of the brain, so perhaps a stronger 

action may even manifest itself on the side of the brain, and thereby 

OD the medulla oblongata, where there is intestinal irritation on the one 

aide. 
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from the irritation of teething, as well as from worms, when the 
dilated pupil sufficiently indicates the exalted acti^-itr of the sympa- 
ihetic^ under whose control the dilator of the pnpil is placed. In 
Vkt manner, we are suffldentlv conversant with convulsions as results 
of acidity in children, or of exalted intestinal sensibility, and especially 
of inflammation of the intestines. Thus, a stimulus applied to the 
sjrmpathetic or vagus from the stomach and intestines, acts as much 
ID increasing the sensibility and activity of the medulla oblongata as 
inflammation in a spinal nerve.''^ 

But these causes are not so limited. I have already more than 
ODoe remarked, not only that the supply of healthy arterial blood to 
ihe medulla oblongata is veiy abundant, but that this abundant 
supply is an essential condition of the proper discharge of the 
ftmetions of the part. Through this blood must the vital meta- 
morphosis of tissue, and with it, the organic activity in the medulla 
oblongata, as in all parts of the body, be kept up. 

But if the blood itself be diseased, if it have deviated from its 
healthy composition, it no longer supplies the normal stimulus ; it 
lOO longer furnishes the nutritive matters in the state in which they 
sre required for the maintenance of the vital functions. Thus we see 
■11 kinds of convulsions and nervous attacks, even epilepsy, arise 
from chlorosis, in which the iron or hsematosin appears to be 
deficient, and the lymphatic white blood globules to predominate. 
And we find, that by restoring the constitution of the blood, by the 
admimstration of ferruginous preparations and by good feeding, all 
Ae nervous phenomena cease, and that even the epilepsy may be 
dissipated. 

The same thing is seen in the administration of strychnia, when 
the blood is poisoned by the absorption of this powerful agent; but 
aUhongh the strychnia which is taken up into the blood circulates in 
i^ and therefore comes into constant contact and interchange with 
the medulla, the phenomena are not persistent, but manifest them- 
selres in intermittent spasms. A dog, as I have on a former 
oooasion stated in conmiunicating a special investigation on this 

* This influence of the sympathetic, in exciting convulsions by irritation 
of the medulla oblongata, is confirmed by a direct experiment of Knssmaul, 
who, after one carotid artery bad been tied, saw galvanic irritation of the 
mperior cut portion of the sympathetic produce convulsions in a hibbit, 
which terminated after the cessation of the stimulus, and could be again 
ascited. See Untenuehungen ueber Urtprungund We$en der FallsuchtMuchufu^^ 
p. 114. 
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subject,* wben poisoiifid with stiychiiia^ soddenlj falli into oanr 
Yulsioiis, and if the poison ia strong enough, into verj violent spums 
and tetanus, in which, however, he retains his consciousness, and abso- 
lutely gives no sign of pain. And even after the most violenk 
convulsions, the dog in some time gets up again, walks about^ and 
appears for the moment to ail nothing, he may be struck on the head 
or on the back, without causing any reflex jdienomena. This fine 
state I have seen to endure even for an hour-and-half, althou|^ at kit 
the dog died with tetanic fixing of all the organs of the chest ind 
of respiration. If subsequently to an attack the exalted HfMsihtKty 
was after some time restored, touching the animal, or even blowing on 
it was sufficient to reproduce the most violent epileptic and tetanie 
phenomena. 

Hence it follows, that in these violent spasms and exalted cap^ 
city for action, which with strychnia is not confined to the medulla 
oblongata, the ganglionic cells are more or less rapidly exhausted ; 
that is, a change takes place in the cell, which must be eounkrr 
acted by fresh nutriment, and by the influence of a copious stzeam of 
arterial blood. It is, therefore, not until the exhausted initabiHlgr 
ia restored by some rest that the capacity for reflex action or tliB 
radiation of power once more attains the height at which only a 
slight stimulus, or even no external irritant, is required to excite 
convulsions. 

We see the sam^ thing in epilepsy. It is a well-known tBct^ 
which I have observed hundreds of times, that if an epileptic patient 
has been attacked by a severe fit, he remains proportionably modi 
longer free; but if he has had only a slight attack, this is repeated 
after a shorter time, often on the following day, in a more violent 
form, and now again the patient continues longer exempt. Even the 
exalted irritability in the nervous system^ and especially in the me- 
dulla oblongata and in the brain, which are reciprocally so closely 
connected, manifests itself in the epileptic patient before the attack, 
very often by greater restlessness and increased tendency to pas- 
sions, and sometimes in an unpleasant sensation, from which the 
sufferers are again delivered for a time by the more or less rajad 
occurrence of the fit. 

It is, as I have above remarked, difficult to explain in what this 
difference in the ganj^onic cells consists, that their activity in a con- 
dition of exalted irritability, or even after normal reflex movements, 
as in swallowing, coughing, &o., lasts so short a time, and cannot be 

• Essay on the Spinal Cord, p. 71. 
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prakniged by the infloenoe cf Yolitioiiy while bv our will we can pro- 
dnoe a larting impre&rioii on the muscles^ and keep them in a state 
of long-eontinned tension. This may depend partly npon the pecu- 
liar natore of the accessory ganglia, which act on the nerre-nnclei 
in the medulla oblongata, and occur similarly constituted nowhere 
dse^ and partly in the difference in the routes by which the stimulus 
to action is conveyed to the ganglionic cells. Thus, the filaments of 
the white medulla and the anterior columns are, as conductors of our 
wiDy much thicker than the minute longitudinal filaments in the 
posterior horns, which, as we have seen, serve for reflex combinations, 
and appear to pass over into the same ganglia.* Now, whether this 
difference of action depends on the difference in the filaments 
with which the ganglionic cells are united, or on the different mode 
€i action of special ganj^onic cells for reflexion, we know not : but 
we see, that if the ganj^onic cells are affected by a persistent irritant, 
tbr example, fay poisoned blood, the same intermissions in the pheno- 
mena manifest themselves. It is sufficient, that this intermission of 
activity of diwharge;, as it were, is especially peculiar to the medulla 
oblongata; the more prcrfound reasons are doubtless beyond the 
reach of our understanding. 

Hie theory I have herein put forward of epflepsy and of its proxi- 
mate cause, as consisting in an exalted action of the ganglionic cells, 
is more or less at variance with the explanation recently given by 
Kvssmanl and Tenner, in their important Treatise on the subject.t 

Led fay their proofs — that keeping back the current of blood, espe. 
dally from parts situated behind the thalami, that is in the medulla 
oblongata, excites epileptic convulsions — they tlunk that epilepsy is 
not the result of sudden active determination of blood to these parts;, 
but that it is produced rather by anaemia, or withholding of blood, 
which, in its turn, is caused by a spasmodic contraction of the capillary 
vessels.} Nutrition is thus suddenly impeded;§ or, rather, I should 
say, the metamorphosis of tissue is disturbed, causing these parts to 
be brought into an excited state, giving rise to convulsions. On 
every attack of perfect epilepsy the same material change is supposed 
to take place simultaneously in the brain and in a great portion of the 
parts situated behind the thalami. || The whole brain is said thus to 
become suddenly ancemic. 

• See Essay on the Spinal Cord, p. 52, Fig. 9 6, Fig. 10. 
t [A translation of the Treatise alluded to in the text wiU shortly be 
issued to the members of the New Sydenham Society.] 

t iL e. pp. 112 and 117, No. 4. § /. e. p. 77. || L e. p. 94. 

q2 
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I cannot in every respect assent to this explanation. On tihe con« 
traiy, I think that the writers have in a marked dqpree allowed them- 
selves to be misled by these experiments, and that tiiey have exhibited 
partiality in wholly excluding the causal influence of active arterial 
congestion.^ For, although they admit other causes also, as chemical 
changes in the blood, foreign substances, frc, impeding iiuirition,t 
they have, in my opinion, not sufficiently attended to the fack^ that 
plethora and too strong congestion excite convulsions as wdl as 
anemia. 

They indeed admit that in subjects hanged convulsions arise like> 
wise from increased determination of blood.^ Even of two esses 
where they succeeded in compressing and tying the jugular and sub- 
clavian veins without efiFusion of blood, llie one animal died with 
general convulsions forty-eight hours after the ligature was applied — 
as Cooper also had observed.§ 

Moreover, cases have been observed by Bomberg, and still later hj 
Beimer, where by compression of the carotids the fit was cut shozt. 
In the case observed by Beimer, this succeeded two-and-twenty 
times, the patient experiencing great relief and improvement in his 
memory and mental condition. || 

If, further, ansemia was so generally the cause, and if, as these 
writers have everywhere stated, after the return of the blood the 
convulsions ceased, the means for the rapid dissipation of the attacks 
must exist in epilepsy itself; since if we were to admit ansemia as a 
cause at all, congestion very quickly supervenes, during which 
precisely it is that the convulsions are most violent. The transition 
from ansemia to congestion, even before the blood has, through 
impeded respiration, become too venous, must certainly exercise 
influence on the attacks ; and if we would explain this as the result 
of the venous condition of the blood, our explanation would be, as 
Foville justly remarks,1f incorrect; since, when the fit is at its 
height, and the determination of blood is strongest, the attack often- 
times terminates suddenly and consciousness returns, which it would 
be difficult to reconcile with such a theory. 

* /. c. pp. 104 et teq. 

\ Ic. pp. 100 et teq, % I c. pp. 106 e/ seq, 

5 /. c. pp. 108 et teq. 

II Schmidt's Jahrhucher, 1857, No. 8, pp. 181 et teq, 
H See Dictionnaire de MSdecine et de Chirurgie preUiquetf Paris, 1831. 
t 7, Art Epiieptie, p. 421. 
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EqmUy Utile does this view find sapport firom the fact, that before 
the attack epileptic patients are usually more excited, more lively and 
inoze itritaUe, and their face and the increased heat of the head 
manifest a greater degree of congestion. 

In one case I was able to ascertain this with precision. In a 
yoong man aged nineteen, who under the use of digitalis, had 
oontinued for a considerable time free from attacks, I found the 
heat of the head excessively great in comparison with that of the 
dieek, and a very small thermometer, which I had with me for the 
purpose of examining the difference of temperature, when applied 
alternately on the head and cheek indicated a degree of heat on the 
forehead and vertex greater by 13^ Fahrenheit than that of the cheek. 
Before I could have cupping-glasses with scarification applied 
to the neck, he had fallen in a violent epileptic attack, scarcely 
fifteen minutes after I had examined the temperature; whence it 
afypears, that in this case congestion rather than ansemia preceded the 
attack ; and I doubt very much whether such anaemia as the writers 
€anaed by tying the four cervical arteries, ever precedes an epileptio* 
attack. Such convulsions, it is well known, exhibit themselves in 
caaea of violent hemorrhage ; but whatever the proximate cause may 
be, no practical man will confound them with epilepsy, neither do 
they return after recovery. 

I will, indeed, admit, that in the very beginning of an attack 
more or less vascular spasm may exist, which may even produce a 
■adden momentary retardation or obstruction in the circulation 
through the capillaries rapidly passing into dilatation ; but I should 
not consider tins spasm to be the cause of the attack, but rather 
the result of the commencing discharge of the nerve-gangha, 
which are certainly most closely connected with the vaso-motor 
Bcrves. 

Schiff found that, after cutting through the medulla oblongata on 
(me aide on a level with the point of the calamus scriptorius, an in- 
creaae of heat took place in the head and ears on the side operated on,^ 
whence it would appear, that the medulla oblongata must exercise a 
strong influence on the vascular nerves of the head. In like manner^ 
the experiments of Callenfels have shown, that irritation of one sympa- 
thetic may produce constriction of the arteries of the pia mater 

* M. Schifl^ UnUnuchungen %ur Phytiologie des Nervtniyttenu, 1 Th., p. 
202. 
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of the cerebmiD^ which is rapidly followed by ooimiderable dilata- 
tion.* 

It thns seems to be scarcely doubtful, that the excited action 
of the ganglionic cells in the medulla oblongata must extend 
its influence to the vaso-motor nerves of the brain, and this altered 
and more or less disturbed state of the drcidation is, in my opinion, 
the cause of the loss of consciousness during an attack of epilepsy; 
while it is incorrect to suppose, that this loss of consciousness always 
precedes the attack. In one case, where an epQeptie pati^it M 
with a shriek, he assured me, in answer to my inquiry, that he had 
heard the shriek, but was unconscious of ererything idfter it. 

I therefore freely admit, with Eussmaul, that in an epilepCie 
attack the whole brain participates more or less in the change ; bat 
the commencement of the fit, or of the discharge, must, I think, be 
referred to the medulla oblongata. In like manner we must explain 
the loss of consciousness as the result of the action so produced <m 
the waUs of the vessels of the brain, while consciousness may, aa I 
shall hereafter show, in some slight attacks, even be maintained, or 
else may be lost without convulsions being produced. That loss of 
consciousness readily follows on slight disturbances of the cerebral 
circulation, we see abundantly illustrated in the cases of so many 
girls or women, who become pale and fall in a faint, so that this is 
easily explained in epilepsy. 

* J. van der Beke Callenfels, Over den moloed der vatUxenuwen op dem 
bhedftmhapf Utrecht, 1855, pp. 67 ei seq. 
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CHAPTEE m. 

PATHOLOGICAL AKATOICT OP BPILEPST. 

LfPTLE progress has as yet been made in the stndy of the pathological 
anatomy of neryous affections in general. The lesions found after death 
aie often unessential, the product and not the cause of the disease, 
or they consist in such slight and almost imperceptible changes, that 
we hesitate to refer to them the violent symptoms witnessed during 
life. Again, the insufficiency of our knowledge of the vital phe- 
nomena in the healthy body, renders us unable to explain the 
.relation between the morbid alterations observed after death, and 
the disease itself; and there is unfortunately no affection to which 
these observations are more truly applicable than to epilepsy.* 

Thus Foville, notwithstanding his great experience as a cerebral 
anatomist, who has shown by his excellent work on the brain,t 
that he has examined with greater accuracy than any one else the 
more profound connexion of the different parts of this organ, says, in 

* It is still denied by many, that in the insane the phenomena found in 
the dead body tbrow any light on the nature and course of the disease. 
More than thirty years' experience has led me to a totally opposite 
opinion, and I do not remember to have performed, daring the last twenty- 
five years, the dissection of an insane person, which did not afford a satis- 
factory explanation of the phenomena observed during life. On many 
occasions I was able accurately to foretell what we should find, of which 
my friend Liedholm, and formerly the celebrated Bends of Sweden, and 
yander Lith, Med. Doctr., of the Utrecht Institution, were frequently wit- 
nesses. Not long ago, in a remarkable case, in which I had anticipated 
degeneration, or rather inflammation of the cortical sabstance under the 
OS frontis. Dr. Albani of Lombardy, who just then visited me, had an oppor- 
tunity of observing how completely the results, even in points of detail, 
corresponded to my diagnosia. The grounds of this I have already in 
various places communicated ; I hope I shall yet be able, on some future 
occasion, to explain and demonstrate the subject more fully. 

t TraiU eompUt de VAnat, et de la PhysioL et de la PathoL du SyU, 
eerebroipmal, ovee AtUu, Paris, 1844. 
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an admirable and judicious article, Epilfpiie, in the DieHonnaire de 
M^d^me ei de Ciirurffie pratiquei : — * 

"Si vous oxaminez le sjstime nerveux d'un ^pileptique, chei 
lequel les attaques n'ont pas kte suivies d'un trouble durable dans 
IVxercice des fonctions intellectuelles et locomotrioes, vous ne tron- 
Terez aucune alteration constante, ti ce malade a succomb^ k nne 
afffcrion j^nngm ik I'epilepsie. 

'' 1. Vous ne tiouveitx rien^ absolument rien^ qui diff^re de Vkiai 
norxaa! duu \t plus grand nombre des cas de oe genre. Dana 
q^)^lqw»-l:T»i^ vm&5 mMX>ntrera des alterations telles qu'un tubercule^ 
XT. ^-ruk-v?. x:?)^ pr.\ioflioii ostM>-calcaire, qui pent bien 6tre regaidfe 
A.*«r.iDf cftir^ vwnasaccw-Ije du deaordre qui a excite lea attaquea; maia 
<v .lejcctTf }u:-n2e:::e a i:5pani« comme les sjmptomes, le tubercnle 
r»&f ^v^r:an: aucune phi nomene ne trahit sa presence. 

^'^ £. L*jispection des organes encephaliques des ^pileptiques, sans 
cvYi:i:^vanon de desordre permanent dans les fonctions intellectuelles 
«€ kxx»aiotrices, vous oSrira une alteration constante toutes lea fois 
i;u^ «.V5 mabdes scront morts dans leurs attaques. Gette alteration 
Kta une injection gencrale tres forte de la substance encephalique; 
la dure-mere, Tarachnoide, le cerveau, le cervdet, etc, seront 
gorges d'un sang livide; cVst aussi ce qu'on observe dans les m^mes 
org:incs des jMiidus, des asphyxies. Ainsi cette alteration, quoique 
constante chez les e|)ileptiques morts dans I'acces, n'est pas carac- 
teristiquc; (h* l'd))ilepsic ; elle Test plutot de Tasphjxie k laquelle out 
succonibv lc» muladcs. 

" 3. Chez lea epileptiques offrant la complication d'un desordre 
intellcctuel permanent, et aussi d'un affaiblissement dans les mouve- 
mens, vous trouverez des alterations d'une autre espece/' 

These he further describes as hardening, the medullary matter 
exhibiting a dull appearance; sometimes in addition to the hardening 
a general vascular injection is present, and in a large number of cases 
there is extraordinary dilatation of the blood-vessels. Sometimes, 
we find softening in the general consistence of the cerebral substance, 
a sort of flaccidity, and at the same time great vascular dilatation. 

These changes occur throughout the whole medullary substance of 

tbe brain, in the interior of the hemispheres, as well as in the corpus 

torn, the comu ammonia, the cerebellum, the protuberantia, the 

cnli cerebri and cerebelli. The alteration in the brain mav. 

Jttg be very general. At the same time we find inequalities in the 

• 2N0fi4Mi. de Mid. et Chirurg, prat., t. 7, p. 419 Art Epiiepeie. 
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wxrboe of tiie giey sabstance, as well as a marbled appearance, or 
rosy-colour of its interior ; sometimes increased or diminished con- 
sistence jT finally, adhesions to the cerebral membranes ; in a word, 
traoes of more or less chronic inflammation of the brain. 

In this description, Foville does not rest solely upon his own 
experience, but quotes that of Bouchet, Casauvielh, Morgagni, and 
others. 

I have, in place of bringing forward a number of various witnesses, 
quoted Foville more fully, as one of the most distinguished cerebral 
anatomists, who at the same time, from the abundant opportunity 
aflbided him as Physician-in-chief of the Charenton Institution in 
Paris, was in a position to acquire an extensive experience in refer- 
ence to epilepsy. 

The result, however, has been such as to promise no information, 
and to deter the majority of investigators from venturing to seek any 
connexion between the post-mortem appearances of epilepsy and the 
phenomena observed during life. But this prospect becomes still 
more gloomy when we follow our sagacious author farther. 

Thus he infers from the foregoing data, that the negative results of 
pathological anatomy in epileptic patients, who have suffered from 
simple fits without mental complication, show, that there is abso- 
hitdiy no constant alteration in the brain to accoimt for the 
phenomena. And, he asks, must it not be so ? Since, when the 
phenomena of the attack have passed away, the epileptic patient is 
not ill, and in the exercise of his functions exhibits no remarkable 
difiiorence from healthy individuals. To endeavour in these cases to 
discover the cause which has produced the previous convulsions, 
appears to be as absurd as to attempt to find the traces of the 
changes in the brain which may have taken place in it in directing 
the voluntary movements. 

He then asks, whether we may seek this cause in congestion. 
But^ he says, how can we admit congestion as the cause, which 
must often have disappeared in less than a minute P 

How can we explain the phenomena of epilepsy by congestion, 
which is incontestably less at the commencement of the attack than 
at the end, when the violence of the fit begins to diminish, while the 
latter entirely disappears, when the redness, the enormous tumefac- 
tion of all the external parts of the head, and the distention of the 
jugulars are still present, to show that the brain is in the highest 
degree of congestion ?^ 

* Diet, de Mid,y L e, pp. 420 et teq. 
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Sadi u ofisaon bom a pnctitioiMr so cxpemneed in nemnii 
disesses^ and fiom sach a skilfnl coebral anatomiaty haa indeed ihft 
tendencT to deter anj one from endeaTomring to throw li^it oa 
the subject, and to cause it to be considered Tentnraome to pcetoid 
to do so. Bai ve cannot, espedaOy as we are aided by tlie progien 
of scienee, and bj the nse of the microseope, with wUdi FonDe was 
not acquainted, as well as bj our more aocoiate views of the mimifte 
scnKtnre, and of the fhnctions of the nerroua system, stand attD^aiid 
we mar at kast make the attempt, though this may be zegaided m 
only a first step. 

Mr earlier expeiienoe as to post-mortem examinationa in Cfakpqr 
quite agrees in main points with that of FoviUe; frequently I fimnd 
hazdeuing, and indeed contraction of the medulla oblongata, bat not 
constantly. Sometimes theie was degeneration of the brain, at one 
time appearing to be the cause, at another the effect of the disessa 
The spotted, and, as it were, marbled appearance of the meduUaiy 
substance in the brain, in which I thought I discovered the results of 
chronic irritation, which might hare given rise to the invohmtaiy 
convulsions and epileptic attacks, long attracted my attention ; imtil 
more numerous examinations showed me, that in epileptic patients 
who had died of other diseases, this did not occur, and that it, there- 
for?, was the effect, at least in great part, of the congestion during 
the la$t f:ital attack. 

At length I thought it necessary to submit the medulla ob- 
longata to careful and special microscopic examination. I had, 
however, in my investigations on the spinal cord often observed, that 
if the latter had lain too long in spirit it acquired a granular condition, 
and that by still longer action of the spirit the medulla presented 
more and more the appearance of firm fktty conglomerations in the 
tissue. 

I was, therefore, much struck by perceiving that in the medulla 
oblongata of the first two epileptic patients whom I had occasion to 
examine, a minutely granular matter manifested itself in fine sections, 
even when the medulla had lain in spirits only a couple of days — I 
subsequently obsen'ed that this granular matter had again dissolved 
in a solution of chloride of calcium and water, and that therefore it 
was not fat with which I had confounded it, but albumen coagulated 
by spirit, which had imparted the hardness to the medulla oblongata. 
I hence inferred, that in these cases the constant and repeated conges- 
tions had led to the exudation firom the vessels of a more albuminous 
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JBtatodhilar ftoid than occnn in the healthy atate^ and that thia fluid, 
ouuing the nerve-fikmenta to adhere to one another^ and indurating 
Hnb whole spinal cord, might also exercise an injurious influence on its 
fcnctioins« In the brain too, I sometimes found the same phenomenon. 

flabaeqaentlj, however, I found the opposite condition in other cases. 
Ae medulla oblongata was softened, swollen, and on microscopic 
oounination, exhibited a most beautiful specimen of fatty degeneration, 
m that it was with great difficulty I could separate the fat sufficiently 
from the thin microscopic sections, to obtain the necessary degree of 
tnnspaienqr. This I considered to be a more advanced stage of 
degeneration. I was obliged to leave the spinal cord longer than 
vnud in tolerably strong spirit, in order to give it the hardness 
necseasaiy to enable me to make flne sections of it; it was sometimes 
even veiy difficult to harden it sufficiently. There was in this case 
•olnticHi; the previously effdted albuminous intercellular fluid was 
Mlowed by one, perhaps, more watery, or rather had passed into fatty 
degeneration. As in all instances of softening and solution, fatty 
degeneration had here begun, threatening more or less to destroy the 
wlM>Ie stmcture. Here, too, I found the granular changes of the 
eoagnlated albumen, which subsequently again disappeared in 
eUoiide of calcium, proving that in this instance also, with softening 
mid &lty degeneration, the intercellular fluid had not ceased to be 
Inj^y albuminous. 

Tlids reminded me of the remarkable investigations of J. C. Bucknill, 
who found, that in dementia after insanity, the brain had become 
qpedfioaUy lighter through an increase of fat, but that in patients 
demented after epilepsy such a change is of much rarer occurrence, 
tile speciflc gravity of the brain being in the latter class of patients 
often increased, while the organ itself has become indurated.^ For 
these changes the author felt himself unable to account, but it is 
(lobable that the increased gravity was due to the more albuminous 
eondition of the intercellular fluid so frequently present in epileptic 
pstiente. It is, however, plain, that in this case we have not to do 
fnHh a change of tissue, capable of causing epilepsy, but with one 
produced by the constant recurrence of violent congestions of 
blood, necessarily followed by increased efiusion, which the high 
pnesBUze during these epileptic attacks, and especially the augmented 
iiritstion, must render more albuminous. 

• Brituh and Foreign Medieo-Chirufffical Review, January, 1855, Vol. XV. 
pp. SI07 «< ieq. 
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I therefore grant to Foville, that of the first e£Bicient causes of 
epilepsy (increased sensibility of the medulla oblongata) no tnoM 
are apparent in the body of a patient who has died in an interval 
between the fits^ in which we should be able to discover any change 
capable of giving rise to epilepsy ; but, I deny, as I shall hereafter 
show, that this is always the case, even in epileptic patientai, who have 
not yet become paral}i;ic and imbecile. 

Further, Foville compares the dementia after epilepsy with that 
after insanity, and thinks, that both exhibit exactly the same fhi^ 
nomena, the same course and morbid nature. He says : — 

" Dans r^pilepsie compliqu^e d'ali^nation, les attaques d'^pil^de 
precedent ordinaireroent tout desordre intellectuel ; ce d^rdzc^ 
lorsqu'il arrive, offre le plus souvent le caract^re de la d^mence^ ou, 
si dans le principe c'est une excitation maniaque, la perte gradueUe 
de la m^moire, de la faculte de coordoner, de lier des id^ea^ m&Doe 
absurdes, en font bientot une vraie d^mence. L'afEaibliaaemcni 
musculaire, caracterise surtout par une sorte de b6gaiement^ ae d£- 
veloppi^ en meme temps dans In m^me proportion. Dans rali6ia<aop» 
compliqu^e de paralysie g^n^rale et d'attaques ^pileptiques, les pie* 
miers d^sordrcs sont des troubles intellectuels, appartenaut le plv 
souvent par leur forme i, la demence, finissant toujours par y airiva 
lorjsquc dans le principe ils ont offert un autre caractere. L'affidt 
bliss(^ment des mouvemens se manifeste eusuite par degrfes ; 21 est sen- 
sible dans le principe par I'embarras des mouvemens de la langns; 
enfin les attaques epileptiformes caracterisi^es par une perte auhite 
de connaissance, insensibilite gcndralc, convulsions, rougeur livide 
de la face, ccume de la bouche, etc., se manifestent. 

'^ Ainsi, d'un coik, pour premiers symptomes, attaques d'epilepaie; 
de Tautre, attaques d'alicnation. Aux attaques d'epilepsie soco^ 
un affaiblissement intellectuel, a celles d'alienation un ftffaibli'WfiFM™* 
musculaire; arrivent enfin, dans le premier cas une demence con- 
finn^e, dans le second un affaiblissement musculaire de plus en pins 
prononcc. Dans les deux cas, la marche des accidens semble s'az^a 
dans rinter\'alle des attaques ; leur retour est le signal de raogmoDh 
tation des desordres, jusqu'ti ce qu'enfin la mort termine oette 
deplorable existence, ct c'est un dernier trait qui complete ranalogii^ 
que Tincurabilite absolue de ces deux especes de maladies com- 
pliquees de desordres analogues de ^intelligence et du ayatinM 
locoraoteur." 
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He hence infers^ that these changes consist entirely in the same 
kind of affections, and are results of epilepsy. I shall endeavonr to 
ahow, how Foville, and with him most writers, are vastly mistaken 
on this pointy to the great prejudice of the epileptic patients, who, 
in case of commencing imbecility, are incorrectly considered to be 
wholly incnrable. 

Lastly, from the whole he draws the following conclusion : — 

" Concluons que la cause mat^rielle de Tepilepsie simple est encore 
I fixer; qu'elle est vraisemblablement aussi passagere que la dur6e 
des attaqoes, qu'eQe consiste vraisemblablement dans une alteration du 
m^caniame de Finnervation, que nous devons avoir bien de la peine 
k saisir, ignorans comme nous le sommes de ce m^canisme & T^tat 
noniial. * 

I have already shown that this primary cause consists in an ex- 
alted sensibility and activity of the medulla oblongata, whereby this 
pvt more rapidly answers every stimulus in abnormal reflex move- 
ments, or transfers its accumulated nervous or electrical force to the 
nerves, and discharges itself in muscular contractions. 

We most, therefore, as is the case in so many diseases, content 
onxselves with the investigation of the proximate results of the fits 
of epilepsy, and these appear to me to be not unimportant. 

Besides the hardening or softening, which I have often met with 
in epQepsy, and which is also noticed by Foville, the changes under- 
gone by die blood-vessels in this disease are of especial importance, 
and it is to this point that I particularly wish to direct attention. 

In the first place, I must observe, that in all dissections of the 
mednlla oblongata in epilepsy, whether the patients died in or out 
of the fit, I met with great redness and vascular tension in the fourth 
ventricle penetrating into the medulla oblongata, sometimes to a 
oonmderable depth. Thus, in preparing transverse microscopic 
sections through the whole medulla oblongata, from beneath the 
pons Varolii to the inferior extremity of the corpora olivaria, I was 
particolarly struck by finding the posterior part towards the fourth 
ventride of a much darker colour, usually containing some more dis- 
tended vessels, which then ran either in the course of the roots of 
the hypoglossus into the corpora olivaria, or in the course of the 
vagus and accessory, or in both. Where the degree of redness was 
slighter, it was commonly confined to the posterior half of the me- 
dnlla; in most cases, however, this hyperwmia extended into the 

• /. c. p. 424. 
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corpora oliyaria, which were often famished with large blood-Tends. 
Thus, siao, in the raphe, dilated blood-yesseli were almoet alwi^ 
yisdble. After I had discovered the close connexion between fts 
corpora olivaria and the hypoglossal nndeos in the subsequently 
described peduncolns olivse of Lenhossek, I happened to find^ cxp 
actly in this coarse, thick dilated blood-vessels, snch as those abors 
mentioned, in the first epileptic patient, whose medulla oblongata I 
had the opportunity of examiDing microscopically. The pot ia 
question was sent to me from the Institution for the Insane at 
Meerenberg, through the kindness of the director and principal phy- 
sician Everts, and the third physician Opdoip, and was accampaaiBd 
with a letter.* 

It was an old case of epilepsy; the patient was also mMnft^l, 
and was often furious durii^ the last five yeais that he was under 
treatment in Meerenberg. Latterly, he became more and man 
paralytic ; swaUowing was difficult. For the last twelve daya he 
would use nothing but cold water. During his attacks, as I after* 
wards observed, he always bit his tongue. The following was the 
report I received of the dissection of the brain :— 

^'The skull was brittle and thin ; the aimisea of the dms wtkg 
were wide and partly filled with dark, half-coagolated Uood; the 
dura mater was not strongly connected to the skull ; the andaoid 
exhibited in different places a plastic exudation; this membrane wn 
tough, and in many situations of a dull-white colour; the pia malcr 
was thick and rather congested ; it was, however, easily sepantod 
from the cerebral mass (atrophy of the cortical substance) ; the sob- 
stance of the brain was somewhat congested, firm, and tou(^ ; the 
pituitary gland was very large and distended, and on section, dis- 
charged a white, slimy fluid.^' 

It appeared to me important to ascertain the width of the veas di 
in the medulla oblongata under the microscope^ and particularly of 
the widest vessels I could find. This amounted, in the course of ihs 
hypoglossus, to 0.280 mm. ;t in the corpus oUvare to 0.305 ; in the 
course of the vagus to 0.162. I connected the preponderance of 

* I gladly take this opportunity of publicly thanking Everts, EoeU 
of Dordrecht, and Ramaer of Zutpben, for the kindness with which, 
by sending me the medullae oblongatse of several epileptic patients, they 
have enabled me to accomplish these investigations. 

t I have reduced aU the following measurements to thousandths of a 
millimetre. I freely acknowledge that the measurements do not represent 
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Aft dkiiMtcr of the capillaries in the course of the hypoglossos over 
MmI of the vessels in the track of the vagus^ with the fact that this 
WfHeptic patient had during his fits invariably bitten his tongue. 

tot, as this phenomenon, although veiy frequent in epilepsy, does 
occur in aU cases, it appeared to me, that if during the fit the 
which are so much wider, conducted more blood to the 
of the hypoglossus and the corpus olivare, which is in such 
connexion with it, — ^it was not. improbable that these parts 
wmOd be still more irritated, which might cause convulsive move- 
wmin of the tongue, and the protrusion of this organ between the 
imth, and thus occasion it to be constantly bitten during the attacks 
of epQepsy. 

. Some time afterwards, in May, 1866, a patient died in the Asylum 
the Inaanet, at Utrecht, who had been epileptic for fifteen years, 
had for eight years been under my observation. I had in this case 
taiad various remedies, but in vain. The patients attacks were very 
wiable; sometimes they were very severe, — at others, on the con- 
inrj, they were very slight ; on the latter occasions he could con- 
timie sitting on his chair, was quite absent only for some moments, 
wai WIS free from convulsions. He never bit his tongue : as to his 
«tite in other respects, he had quite lapsed into dementia. 

I performed the post-mortem examination in t)ie presence of my 
ttnad liedholm of Sweden. Before the dissection, in order to test 
aif hypothesis, I stated that I should, in this instance, find the 
'—^H^ obbngata affected chiefly, not in the course of the hypo- 
l^owni, but in thatof the vagus, as the respiration, too, was disturbed 
i» aligltt attacks. 

We found in the abdominal cavity the colon and sigmoid flexure 
wcry much dilated and lengthened, the latter ascending to the level 
of the transverse colon. Above and beneath the sigmoid flexure 
woe many constrictions, which higher up again alternated with 
jKlatations; the cscum, too, was very much dilated* The patient sof- 
Csnd extremely from a torpid state of the bowels; and this tendency 

Aft exact diameter of the vessels daring life, as the latter kad contracted 
both while they remained in spirit, and suhseqnently, still more while they 
were left in chloride of calcium ; but this remark applies to all the vessels, 
and I was able to measure the cavity in which each had contracted. Besides, 
the question was not as to the absolute, but as to the relative width of the 
vessels ; in reference to which, however, we must always bear in mind, 
fliat the wider vessels contracted proportionally more than the narrower 
and smaller ones. 
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to corsdpsxion and the clianges in the eolon had, probably, been 
the excidn^ causes of nomeroas cerebral congestions, which had 
been followed bj epilepsr ; jost as in s tr ict ores and prolongations of 
the cclon, the same condition* are so often productive of sympathetic 



T:^ dnra xr^er vas venr firmlT adherent to the brain ; the sknll 
wis^ however, not thick, bat soft, and free from the hardness whidi 
often Accoaapanies such adhesions. 

Tne piA mater was thin, there was no effusion on the surface; the 
reins of the membrane were very much distended ; in some places 
theze was efinsion of blood under the pia mater. The convolutions 
were very much flattened on the surface, from distention of the bnin ; 
after the removal of the pia mater, they e3Lhibited on the anterior 
lobes, under the os frontis, a more rosy-red oolotir. Here they were 
more nrmly attached to the pia mater, so that the latter conld with 
dxfficultT be drawn off from the convolutions without laceration 
(chronic inflammation of the cortical substance, and oommench^ 
adhesion to the pia mater). The earlier sympathetic affection of the 
brain had, therefore, become idiopathic, as is usually the case in old 
maniacal and demented patients. Particularly along the two fbssB 
Sylvii, much blood was effused under the pia mater ; the sinuses of the 
dura mater were veiy much distended and filled with blood; the 
pituitary gland was large; the basilar artery was very wide; the 
base of the brain was dry. The medulla oblongata appeared a htde 
hanler t)ian the brain ; although not thinner, it was not atrophied. 
The nerves in the pia mater, discovered by Bochdalek, were, in this 
0A50. verk distinct on the cerebellum. In the postero-intemal margin 
of the right infenor lobe, where this covers the cms cerebri from 
beneath, was a dark-grey, tough, N-iscid mass, here and there studded 
with black points of different sizes. Somewhat more anteriorly, and 
at some depth, in the so-called uncus gyri fomicati, and further to- 
wards the substantia reticularis Arnoldi,'^ these spots lay nearer to 
one another, and were interspersed with streaks of blood of a lighter 
rtnl colour. Under the microscope, this part exhibited many brown 
cells, enclosing more or less altered blood corpuscles. The eras 
fomicis, which here passes over into the inferior comu, was de- 
generated, and near the entrance into this effused mass was furnished 
with black pigment, which could be traced into the inferior cornu to 

* Arnold, TalmUi Cerebri, Tab. VII., Fig. 3/, A A. 
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the end, where an old sangnineoiis extravasation was present^ which^ 
probably^ during the last long-continued and fatal attack of epilepsy 
had given rise to fresh effosion of blood. There was, further, a little 
fluid in the ventricles, probably effused in this situation in conse- 
quence of the generally (edematous state of the brain ; in the choroid 
pkoraaes, as wdl as frequently in the posterior sinus, were large cells. 
In the semi'Oval centre of Yieussens were extraordinarily dilated 
Uood-ve£»els; the grey matter in the cortical substance was thin 
and pale^ and had consequently already passed into a state of 
atiophy.^ 

The veins of the spinal canal were extremely distended with blood 
and dilated. 

On making a section of the pons Tarolii, I met, two lines above 
the entrance of the medulla oblongata, with a small sanguineous ex- 
travaaation, from four to five mm. in breadth, whence a tolerably ivide 
Uood-vessel^ of the thickness of half a mm., emerged. The yessel 
was filled with very stringy, firmly-coagulated fibrin. 

Hie medulla oblongata exhibited, anteriorly, nothing particular 
except swollen capillaries ; but, posteriorly, especially on the corpus 
mtiforme, near the fourth ventricle, or, more exactly, on the so- 
caDed lignla or taenia plexus choroidei ventricoli quarti of Arnold, 
and the adjoining fasciculus cuneatust on the right side, little tu- 
berdea appeared, perhaps twelve in nimiber, each of which was 
coRonnded by a capillary blood-vessel, situated as in a little de- 
preonon between the tuberculous projections. On the left side^ 
although in a much less degree, a trace of such a condition was^ 
however^ visible. 

But on microscopic examination, it appeared, that in this 
inBtanoe, I had before me no tubercles of any foreign sub- 
stance, bat that this part had undergone very decided &tty de- 
generation, whereby it was enlarged; in which enlargement the 
blood-vessels had not so folly participated, causing the formation of 
litUe grooves, and giving rise to a tuberculous appearance. The 
jGit exhibited itself in thin superficial sections in extraordinary 

* We have, therefore, in this case an example, in which probablj a 
sympathetic cause in the abdomen gave rise to the disease, and nevertha- 
less, subsequently, unilateral change in the brain was the result ; in this 
instance probably in consequence of violent congestion during the attacks 
of apoplexy. 

t Amoldi, Tab. CiTff6r^ Tab. VIIL, Fig. 3, h h. 
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quantity^ more, howeyer^ on the rig^t side tiian <m the left» wbioh 
was also less affected, and was not so mnch swollen. On a tnns- 
rerse section, the greatest change appeared to be limited to the 
parts situated without the nervns vagns.* 

On a lerd with the second cervical Tertebia (the origin of the 
phrenic nenre) the grey substance was nnnsnaUj red and U^h^ 
coloured, more so than I had before found it« After the medulla 
oblongata had lain for three days in spirit, of specific gisvity 0.895, 
it was still soft, so that it was with difBicnlty that sufficiently fine 
sections could be prepared. There was, however, a number ot 
granules in the tissue between the ganglionic cdls and the nerve- 
fibres, but which, from their less refractive power, and minnteneas, 
evidently did not consist of hi; we likewise saw scmie cryatak of 
haematosin. The following day, all these granules had disappeared 
in the sections which had been placed in a concentrated sotntion of 
chloride of calcium. I therefore concluded that tiiese grannies were 
formed by albumen, coagulated from the intercellular fluid in om- 
sequence of the action of the spirit, and that thus, notwithstanding 
the fatty softening, an excess of albumen was eSu86d in the inter- 
cellular fluid, as a result of chronic inflammation. 

In the transverse sections, the capillary vessels appeared Teiy much 
dilated, especially in the paths of the hypogloesus and vagus. On 
the right, or more deeply-implicatod side, the blood-vessels were 
wider in the course of the vagus ; on the left they were somewhat 
wider in that of the hypoglossus, as here the vessels of the vagus 
were rather less swollen. On repeated measurement, it appeared 
that the widest capillaries in the path of the right vagus amounted 
to 0.268 mm. ; in that of the hypoglossus of the left side, to 0.172; 
in the corpus olivare, to 0.178 ; in the septum, to 0.280. 

It was evident that the sanguineous extravasations in the inferior 
comu and the pons Varolii were results of efEusions which occurred 
in the last period during violent attacks ; as effused blood cannot be 
preserved in the brain for fifteen years, but would within that time 
have been absorbed. 

We could, therefore, only suppose that the originally exalted irri- 
tation of the medulla oblongata, which had given rise to epilepsy, 
had finally passed into chronic fatty d^eneration and infiammation, 
and that this had kept up the epilepsy, and rendered it incurable. I 

* My first fig^e, e,f, v, D, <, it, m, «. 
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tbonglit that the results of the post-mortem examination especially 
jofltified this inferaioe, as my diagnosis made previoosly to the dis- 
sections — that I should find the greatest amount of alteration withoat 
the course of the hypoglossus — ^was most remarkably confirmed; 
ihe lesion was, in £act^ confined to the outside of the vagus. I hence 
inferred, that the original irritation of the medulla oblongata, and 
particularly of its outer side, had produced an increased afflux of 
Uood, especially in the repeated attacks: — ^that the blood-vessels 
oonaeqam%beLme orgam^y dilated, th^ir walls being very much 
thioikesied and much stronger than in the normal state ; and that 
flttough this increased afflux of blood the ganglionic cells became 
in torn irritated, and, as it were, overloaded, so that they were com- 
pelled from time to time to discharge themselves in epileptic fits. 
Hence it would follow, that the dilated state of the blood-vessels 
mimt be r^^arded not only as a result, but also, in fact, as a second- 
uy cause of the attacks, — and that, as the congestion and the strong 
onnent of blood were kept up, both by the constant irritation in the 
attacks, as well as by the fact that the dilated vessels and their 
thickened walls could no longer be brought back to the normal 
state, and had now already produced a condition of fatty degenera- 
tion, they had caused the incurability of the epilepsy, against which 
I had in vain tried all kinds of remedies, both internally, and es- 
peeialfy externally, as deiivants. 

It was thus of the greatest importance to continue these investi- 
gaticHiB, and I th^efore requested my friends, Heeren Dr. Everts, 
Persyn and Opdorp, of the Meerenberg Asylum, where so many 
epileptic patients are under treatment, to be good enough to send 
me the recent medullse oblongata of dead epileptic individuals. These 
gentlemen with the greatest readiness complied with my request ; I 
had myself opportunities of adding some post-mortem examinations of 
epilqitic patients who died in the Asylum for the Insane at Utrecht, 
and I also recrived the medulla oblongata of an epileptic from 
my friend de Bidder, a physician practising in this city ; so that 
altogether I was enabled to examine the bodies of fourteen epileptic 
individuals. 

In no other patient did I find so great a degree of fatiy degen- 
eration as that of which I have just now spoken. In some instances 
the medulla had, however, passed into incipient fatty degeneration 
with exudation of albuminous intercellular fluid; in several the 

b2 



244 PATHOLOGY OF EPILEPSY. 

medulla was hard and finn ; in some it was rather dighter than is 
normally the case ; in most I met the granular exadation of albumi- 
nous serum already described.''^ 

I shall by no means weary the reader with the details of the 
histories of these epileptic patients : they were all old incurable 
cases. Of all I have in consecutive transverse sections micrometricaUy 
determined the width of the capillary vessels in the medulla ob- 
longata, and I have thrown the results into a tabular fomuf I'or 
the sake of complete comparison I at the same time determined the 
width of the capillaries in the medulla oblongata of a maniacal petieait 
with paralytic affections, though not epileptic ; and of a woman dead 
of another disease, that is of a healthy medulla oblongata; and also 
the width of the largest blood-vessels in the medulla oblongata 
of a cow. 

In the great majority of cases I succeeded in ascertaining whetber 
the patients during the attack had bitten the tongue, which occurs 
in most instances, but to which attention is not always paid. In a 
couple of instances, however, this was uncertain; so that I have been 
obliged to separate two cases firom the table, as from them no certain 
conclusions could be drawn. 

In this point of view, I have divided the results into two tables : 

in the first, the cases are given of epileptic patients, who during the 

attack were in the habit of biting the tongue ; in the second, I have 

placed those cases where this did not occur. 

* Changes in the medulla oblongata often occur in epileptic patienti, 
but are not always sufficiently attended to ; I myself formerly often met 
with hardening and atrophy of this part Even during the printing of this 
Treatise I found in the annual statistical reports of the physicians of 
asylums for the insane, which will soon be published, a case of the presence 
of pus in one corpus olivare in an epileptic patient at Meerenberg, and of 
hardening and atrophy of the medulla oblongata in another instance at 
Franeker ; unfortunately, no particulars of the previous illnesses are added. 
t I had at first, for the last figure in the table, calculated the average 
of the several wider vessels in the paths of the vagus and hypoglossus, in 
the corpus olivare and the raphe, and although an evident difference was 
brought out in this way, I considered, that as I had admitted into this 
calculation a varying number of smaller blood-vessels, which would of 
course exercise a considerable influence on the determination of the 
gpreatest width, 1 could not in this mode obtain any certain result. As 
the question was merely as to the widest capillaries, I determined to 
bring into the table only the measurements of the largest blood-vessels 
whUk I could find in each medulla in the above-mentioned paths, and in 
Uf wagr tiM results are much more striking. 
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TABLE A. 

EPILEPTIC PATIENTS, WHO BIT THE TONGUE DURING 

THE ATTACK. 



ft/SS&viTSM. 


Width of Om CkpOlivic*. 


OlMtrratians. 


laflM 
path of dM 

Hyp^ 


• 

Zntho 
Ootp.OUT. 


TatlM 
kapho. 


iBlho 

path of the 

Yafw- 


BieeFOubei^y 
6th Aug., 1854. 

Mcerenhflrgy 
18th Nov., 1855. 

Utrecht B., 
Ml Nov^ 1855. 

Mocrcnbei^i 
6th Jan., 1856. 

ACecieuDergy 
4th Jnne, 1856. 

17th Jane, 1856. 

Meerenbeig^ 
imk Not., 1855. 

• 


mm. 
0.230 

0.303 
0.393 

0.265 

0.280 

0.280 
0.390 


mm* 
0.305 

0.355 
0.350 

0.280 

0.408 

0.152 
0.355 


0Mn. 

0.370 
0.305 

0.320 

0.370 

0.280 
0.485 


mm* 
0.152 

0.170 
0.292 

0.247 

0.305 

0.242 
0.253 


I did not determine the 
vessels in the raphe in 
this case. The patient 
did not die in a fit, but 
of phthisiii pulmonalis. 
Man, aged 30. 

Died of phthisis pul- 
monalis. Man. 

Occasionally bit the 
tongue. Died of ma- 
rasmus and exhaustion. 
Man. 

Great biter, violent 
epilepsy; died of maras- 
mus and phthisis. Boy, 
aged 15. 

Died in violent ex- 
citement after an attack ; 
occasionally bit the 
tongue. Man, aged 35. 

Died of marasmus and 
general paralysis. Man. 

Appeared to bite her 
tongue occasionally, but 
the case was not suffi- 
ciently observed. Wo- 
man. Emphysema of 
the lungs. 


* 

Ayermge. 

Utrecht, 
de Bidder. 

Dr. Roirtl'f case. 


0.306 
0.204 

0.261 


0.315 
0.382 

0.305 


0.355 
0.412 


0.237 
0.204 

0.214 


It was uncertain 
whether this patient bit 
her tongue ; there were 
no particularly wide ves- 
sels in the raphe. Died 
of phthisis pulmonalis. 
Girl. 

Uncertain; but pro- 
bably bit the tongue. 
Died of inflammation of 
the brain, not in conse- 
quence of an attach. 
Giri. 



S46 



PATHOLOGY OF EPILEPSY. 



TABLE B. 
EPILEPTICS, WHO DID NOT BITE THE TONGUE. 



Utrecht Kr., 
May, 1855. 



Meerenberg, 

7th Feb., 1856. 

No. I. 

Meerenberg, 

7th Feb., 1856. 

No. 2. 

Utrecht R, 

18th March, 1856. 

Meerenberg, 
25th Feb., 1856. 



WMtk ordM Oiyilktftot. 


iBtlM 

pMhofthe 

glOMM. 


iBtiM 

Oarp^ OUT. 


Bapte. 


pfttkoTtk* 


mm, 
0.172 


0.178 


0.230 


MM. 

0.268 


0.190 


0.195 


0.315 


0.345 


0.224 


0.255 


0.845 


0.369 


0.242 


0.230 


0.290 


0.452 


0.22S 


0.229 


0.318 


0.305 



Fatty degeneratioii 
on the oatsufi of tiw 
vagus; died in a fit 
Man, aged 50. 

Deaf and domb, died 
in a state of ooma, 
after an attack. Wosaan, 
aged 40. 

Died in an attack. 
Man. 

Died in an mttads. 
Man, aged 50. 

Died in an mttad^; 
formerly bit his tonga& 
but subsoQuently oeMea 
to do so. Man, aged 18. 



Average. 



Mania paralytica. 



0.210 



0.140 



Healthy Med. obL 



Suburban Hospi- 
tal (Buitengast- 
huis) at Amster- 
dam, 1st Feb., 
1858. 



0.217 



0.160 



0.097 



0.360 



0.300 



0.160 



0.052 



0.360 



0.148 



0.430 



0.348 



0.173 



0.064 



0.255 



In every part of tke 
brain great oilatatiDn of 
the vessels and adhe- 
sion between the pis 
mater and the convcHO- 
tions on the upper tm- 
face. 



Anetlrismatic Taaenlsr 
dilatation in the right 
Corp. pyramid., and ex- 
tremely dilated vessdi 
in the right corp. dents- 
turn cereoelli ; epileptic 
from childhood, uiri, 
died of pneumonia ; dU 
not bite the tongue.* 

J 



* While this work was passing through the press, I received this me- 
dulla oblongata from my Mends, Prof. Schneevogt and Dr. MoU, from tiie 
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If we compare these two tables^ we shall find that they present a 
striking difference; namely, that in the first table, containing the 
epileptic patients who bite their tongaes during the attack, the 
capillaries in the course of the hjpoglossus and the corpus olivare are 
much wider than those in that of the vagus; while this state of 
things is reversed in the second table. For the sake of greater clear- 
ness, I shall here place the two averages from the tables in juxta- 
position. 



DtfhnBtSpltoptloi. 


Hjrpofloifat. 


Oorpoa 
OUvmn. 


B«ph«. 


Yagvi. 


Table A. Tongae-biters 
Table B. Not Biters 


0.306 
0.210 


0.315 
0.217 


0.355 
0.300 


0.237 
0.348 


Difference 


+0.096 A. 


+0.098 A. 


0.055 A. 


+0.111 B. 



Saburban Hospital at Amsterdam. The specimen was accompanied with 
the statement that the girl, aged twenty, had been epileptic from her 
earliest youth. The attacks presented the characteristics of idiopathic 
epilepsy. Formerly they were very fVequent, and had a blunting inflnence 
upon Ibe exercise of the mental powers ; but after menstruation set in, in 
her nineteenth year, they diminished to eight or ten in the month. She was 
latterly often attacked with fever, soon complicated with delirium, and 
finally passing into pneumonia of the right side, under which she sank. 
On opening the skull, much cerebro-spinal fluid flowed out ; the vessels of 
tiie pia mater were yery much distended. 

I was particularly struck with the redness in the right corpus dentatum 
eerebelli, in which the vessels were dilated to nearly a mm. ( 0.920 ). 
Fnrihermore, a great aneurismatic dilatation of a blood-vessel in the right 
corpus pyramidale attained a width of 0.485, the diameter of the undilated 
portions of the vessel amounting to only 0.230. Lastly, this case affords 
an example of the vessels in the course and nucleus of the hypoglossus 
being wider than in those of the vagus, without the patient biting her 
tongue daring the attacks, thus making an exception to Table A, while 
Ae table is conflrmed in this, that the patient did not die during an attack, 
Ifte all of Table B, where the vagus was more dilated. 

What influence inflammation of the corpus dentatum cerebelli has had 
OB the attacks, I cannot decide ; I have in epileptic patients often found 
dilated vessels in it, but not such great dilatation as in this case. The 
anenhsmatic dilatation, which in Ibe right corpus pyramidale was con- 
fined to one side of the blood-vessel, is highly important, particularly as, 
aooording to the report, the tonic spasms and contortions were mostly on 
the right 
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inihelfilnt 
rf hna« Aeg laapBg ( ilMi a e t» it> tfe icwdi wtie w 

ikt ioBnr am am jwm g t in the oonne of 
ife kTpWHK W #,MiS ; m ife cagfm olifve, vUdi oertam^ 
kor ^Ma SL iB^aRHt pn, W ILMS hb. ; and m tbe nphe bj 
tjiim. Im Vhaat no &i mm }imt ikt tnagf, on tke oontzaij, tbe 

of t^ iwB am OJU vider du in ibam 
L Hb diCeRnoE^ io muaaiSa^ in aD, it too 
ta WemnkEvdMEiEiTaobdald; andve nasi henoe infier, 
ptMBia vki «e ansifeaBed to faifct the tongue in 
ikr JfT'i i tti iP JBd Tascnfar ^Hl****^^ are more ^ff ^iA^ 
m Uip tnA of dir innunh n H g jBdife conns olifarei incnikplics 
on ikt oGker Inad^ nfe nn«r \mt the iongne^ ^btat thaagoi are 
BKkcd in fht conne ai ikt ^ans. Ik i«ads in die tMftiR 
toaaa W iinai ahai nwre Miff d in Ag iral dan; yetastkia 
is ^na r ni cxacdr in ikt nsoUje. I kare no rmaik to make on it. 

La OH Pcsaei in dv nytr. No. 1, in dv aeoond tahk^ B, I fonnd 
die wiJI of tbf Tasaei incz«a»d in thirtnfSB to O.OM mnL. a tU^- 



T6 Ar okKtTBKions on cpOeytka vko ^ MOt kite &e toa^ne, I am able 
fta ftU docie cases acmatc^ d c acrih a d bj Dr. Kioon, in hit Diaaertation 
aa Eps>p$T, a»i ixs tt y A ia a eat «i^ vakxiaaase of aoopia aad lactate of 

\ pab&^«d at AMitfiiiim ia 1S;34L la tkcae caacs I ^^•^ritH tke 

visk tke Bkxoaoopc ia the oreaenoe of tbe 



Xd»e of Ae t^z«e patacBts kad ercr bistca tke toD^aevaadeack of them 
kad &d ia aa attack, vkick is cxticaaelT remaikahle, aad stron^j con- 
inaataarr of my okaerfatioaa aa tkis safaiccL Xo. I, a woanaa aged 52, 
bad hadsereral a p oplectac attacks^ vbkk kad occastoocd para|»le^ ; tbe 
rvo corpora striata were Bore or leas degemcratcd, pratcatx^ aofteaiBg 
aad extrmTasauoBS q£ hhood* a if of tke latter beiag reccat aad aooM of 
k»g staadiag. Vktleat epikptk attarkt^ oocaifiag in laptd 



la No. a. dea^ was tke resalt of a very remaikaUe aad ceicainly 
Terr rare fissare or lacexatioa, exiewkaa vi>b red edges, ia tke ligkt 
side of tbe medulla obloB|:aia» aboTC tke gioaBO-pbarrageni aad benealb 
tbe poos Varolii^ in tbe directioB marked ia mjr Fig. 1, by tke lectera m, 4 
•^ i. Perbaps tbis was tbe €oaseq[iicnoe of aa apopleptic ellasioa. Ib ad- 
ditioa, ia ail tbree cases, some gangboaic cells were more or leas darkeaed 
aad degeaerated ia tbe aodei of tbe bjrpogiossi aad vagL TVe tkne 
medallm were ia a state of wellHBarked fatty degeaeratioo. 

In No. 1, oaoreover, tbe mate iie t nigra ia tke crara eerdn, 
oo tbe left side, was oraage-yeUow iattead ^ bla^ 
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nesB which exceeds the diameter of most capillaries in the medulla 
oblongata in the healthy state. 

This result becomes stiU more striking, if we compare it with the 
diameter of the vesseLs in a case of mania paralytica without epilepsy, 
where, moreover, there was much vascular dilatation in the brain. 
In this instance, the diameter of the vessels in the medulla oblongata 
was, nevertheless, in general smaller than in any case of epilepsy.''^ 
Equally remarkable is the difference between the diameter of the 
capillaries in epilepsy, and that in the healthy condition where it 
attains to scarcely one-third of the diameter of the capillaries in 
epilepfl|y. 

The difference in the diameter of the vessels of the corpora olivaria 
ii very striking. The greatest diameter in the epileptics who bite 
the tongue, is to that in those who never do so, as 315 : 217, being 
a difference of nearly a third. Moreover, if we compare the diameters 



Hiedilatatioiiof theyesfMsls is shown in the following table, in thousandths 
1^ millimetres. 



HnlMr 


Oovfwof 






QmrM 




•ftiM 

rfttiMt. 


tbaHjpo- 


Oonon 

OliTWU. 


BaplM. 


orth* 


ObMrrmtloiif. 


1 


0.317 


0.356 


.0.190 


0.470 


The degeneration was strong- 
ly marked in the vagus; the 
dyspnoea was extreme. 












2 


0.380 


0.330 


0.355 


0.470 


On the left degeneration be- 
tween the corpus olivare and 
corpus pjramioale. 

Tne medulla oblongata was 


3 


0.265 


0.330 


0.344 


0.355 












bent obliquelj to the nghtf 



From the above table, therefore, it again appears that the greatest dila- 
tation of the vessels existed in the course of the vagus, in epileptics who 
did not bite the tongue, and at the same time, that in consequence of the 
violent action in the centre for respiration, tetanus of the respiratory 
mmdes occurred in the fit, producing death. 

• See Table B. 

f As I had no part in the correction of the proof-sheets of the Disserta- 
ikm^ a yery unfortunate typographical error in the table was allowed to 
nmain in the original, 10.000 parts of English inches having been taken 
as millimetres, and some figures, moreover, having been wrongly placed. 
I have here corrected the numbers from the original notes, uid have 
reduced them to thotuiandthf of millimetres. 
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cf the TCMcIs in the paths cf the hypogloBwis and vagi nenres in A 
and B, the width of the capillanes in the hjpof^ossoB is to that ia 
theT^ns in A, as S06:2S7; and vice ver^d in B, aa £10:S48; 
or in A, the vessels in the hjpogloasns are 0.069, in B, they an 
in the vagoa 0.13S wider. 

From all this^ I think we have soffident reason to condnde^ that 
the first cause of e{iilepsv conaista in an exalted aenaibililj and 
CLcitability of the medoUa oblongata, rendering the latter lijdde to 
diadiarge itaelC on the apphcation of several irritants whodi excite 
it, in involnntaiT reflex movements. This irritation may either be 
external (irritation of the trigeminus), an irritated condition of 
the brain, or, as is still more frequent^ it may proceed from tTHtanfji 
in the intestines. In children, worms in the intestines, acidityi 
a torpid state of the bowds, &c., are among the moat common 
causes ; in adults, there may be irritation of the intestinei^ pazticu- 
hfflv of the mucous membrane, constipation, and prolongations of 
the colon connected therewith, but above all, onanism, which acts so 
very much on the medulla oblongata^ and must be r^arded aa a veiy 
frequent cause of e^epsy. Amenorrhoea, chlorosis, plethora of the 
uterus, hysteria, &c., are also to be enumerated. 

In the commencement there is still only exalted sensibility. If 
this can be removed or moderated, the epilepsy gives way of itsdf, 
especially if the sensibility is not renewed by remote causes. 

But if the disease has already lasted long, organic vascular 
dilatation takes place in the meduUa, the consequence being that too 
much blood is supplied, and the ganglionic groups are too strongly 
irritated, too quickly overeharged. Every attack then becomes a 
renewed cause of a subsequent attack, as the vascular dilatation is 
afresh promoted by every fit. Lastly, increased exudation of albumen 
ensues from the now constantly distended vessels, whose walls at the 
same time become thickened, producing increased hardness of the 
medulla, subsequently passing into fatty degeneration and softening, 
and rendering the patient incurable. 

With these changes, vascular dilatation in the brain, and particularly 
in the cortical substance, goes hand in hand. The small ganglionic cells, 
which are here present in such great abundance, become compressed 
by the dilated vessels, and perhaps also in consequence of the more 
albuminous nature of the intercellular fluid. Dulness and loss of 
memory are the results; or if after afit an unusual current of arterial 
Uood is supplied, we have, following immediately upon the paroxysm. 
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over-irritation, rage and acute mania, which is present in so many 
epileptics. 

This dolness of the mental powers, which may represent apparent, 
until it finally passes into trae dementia, differs very much from 
dementia after acute or chronic mania — a point which is not sufficiently 
kept in view. Dementia after epilepsy i3 for a long time the result 
of vascular dilatation, and as I shall show, if we succeed in conquering 
ihe epilepsy, the silliness, the blunting of the moital powers, and the 
(diortness of memoiy give way, and the patient gradually regams his 
former powers of mind, although not always in a perfect degree, which 
depends on the amount of the afiection. The dilatation of the vessels, 
kept up by no fresh attacks and congestions, begins by degrees to 
disappear, the vessds contract, regain their tone, the albuminous 
exudation becomes absorbed, and the patient recovers. 

In cases, however, of dementia after acute mania the state of things 
is quite different. Here the affection begins with irritation of the 
cortical substance, especially of the anterior lobes under the os frontis ; 
this passes under the form of chronic meningitis, which manifests 
itself only by increased excitability of the patient, into inflammation. 
The sufferers from mania have now great projects ; they have become 
rich, play with millions, are generals, kings and emperors, prophets, 
or ambassadors from heaven. There then ensues a formation of 
cells and granular cells, and the cortical substance becomes firmly 
adherent to the pia mater. The blood-vessels become atheromatous ; 
with^meningitis, effusion of much serum ensues; the vessels exude a 
mote watery fiuid and the cortical substance begins to atrophy. It 
becomes paler and thinner, and true dementia, which is absolutely 
incurable, follows the previous excitement. 

Thvm, although the phenomena may be the same, as in both cases 
there is compression of the cortical substance, the latter after mania 
and the coexisting inflammation passes rapidly into d^neration, 
and the disease becomes incurable; while in epilepsy, the vascular 
dilatation, which is only occasionally promoted by an attack, may 
last for a long time without producing active degeneration. I have, 
as I shall hereafter more fully state, seen cases of a high degree of 
silliness and dulness in consequence of epilepsy, from which the 
patients have completely Recovered. Although this may rarely be 
the case, the instances I allude to are sufficiently numerous to establish 
the proposition I have advanced. 

It is important to remark, in dose connexion with this subject. 
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n ft ^'^BT ifiigkit digm, wliere ihwracg tf 

■ind look pbcc abKMl ilone, whiioai eooralnns vher^ tbeRfiiR, 

the bnm was bmir diicctlj illrrTfil tkui ike ■■^A'nm obkngita, I 

ofascrred acnpidiij, dimmiitioii cf l e iiKiit, incapifaOiiy of eontiiiiied 

ihoogfat,orofcoiii|»fhfiiitingiiiyduBgy loame muck more n^dly^ — 

lka& in cma whoe qteems were eotuUmlT repeated without km of 

eonicioafliem. In % cme of mmlam vfusaa^ vith oeemianalty, &r 

fiwnplr, OBoe a fionniglity u epOcpde attack, vkidi nov aft length 

appean likely to leeofer, and vkcre tkb atate kaa afacadj' ki^bed 

aercrai jearsy tke patient's condition has had aheo lnt eiy no injnnoas 

infinenoe on his mental povcn, bnt has allowed him to pomie his 

itndiea with moch sooccas; while in two olker caaea^ wkete jom^ 

girls of about the aame time of li£e as the fiist patient, abofot twenfj 

years, had sofEercd for acaiody a year from similar absence of min^ 

alternating with some singular fits, the patients, even at the end of 

six months, began to complain of loss of memory and dnlness of 

mind. Aocordingiy, the longer the sleep lasts after each attack, and 

with it the severe congestion of the cerebral vessels continnes, so 

much the more injuriously does epilepsy act on the mental poirera^ 

ao much the more rapidly does dnlness ensue. 

After I had prepared these tables, and had drawn firom them the 
conclusions just now communicated, it occurred to me that it was 
of especial importance to know whether the patients had all died in 
a fit or not, as this must of course exercise a great influence on the 
dilatation of the vessels. On adding the mode of death in the ob- 
servations^ the surprising result struck me, that all the five epileptic 
patients mentioned in the second table B, in whom the degeneration 
predominated in the region of the vagus, and in whom the vessels in 
the path of the latter were more dilated, and who did not bite the 
tongue, had died in a fit, probably because the mechanism of respi- 
ration was in them more severely implicated, whereby they were 
suffocated. Of the nine epileptic patients in table A, who bit the 
tongue in an attack, and where the affection appeared to be confined 
more to the corpora olivaria and to the hypoglossus, only one died 
of the results of a paroxysm, and that precisdy the patient, in whom 
the blood-vessels in the course of the vagus were much more dikted 
than in any other in the first table ; while all the remaining patients 
in this table A, where the vessels in the path of the vagus were 
narrower than in that of the hypoglossus, died of consumption, ex- 
haustion, or diarrhoea, among whom one was affected with difficulty 
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of swallowing. This remarkable result shows still more forcibly 
the importance of the different degrees of dilatation of the vessels. 

Hence it also appears, that Foville did not express himself cor- 
rectly when he so strongly and decidedly asserted, that nothing 
characteristic of epilepsy can be found in the body of an epileptic 
patient who has died during an interval, of another disease.*^ The 
dilated vessels in the track of the hypoglossus and the corpus 
olivare prove the contrary ; in No. 3 of the first table, the vascular 
dilatation was even uncommonly great, although this patient died 
of diazrhcsa and exhaustion. 

^ See above, pp. 232 et $eq. From the case last observed, commimi- 
cated in the note to p. 246, it appears that increased vascular dilatation 
may be {(resent in the path of the hypoglossus and in the corpora 
olivaria, without biting of the tongue ; however, here, too, the fact stated in 
the text is confirmed, as this epileptic patient, in whom there was little 
vascular dilatation in the course of the vagus, did not die in a fit. As we 
bave here entered on an entirely new field, subsequent observations will 
no doubt disclose further peculiarities. 

In the case of an epileptic woman, the report of which, with the medulla 
oblongata of the deceased, I received after m7 Treatise was printed, the 
▼essels adjoining the corpus olivare were 0.410 mm. in diameter; in the 
course of the hypoglossus, they were 0.230 ; and in that of the vag^, they 
were 0.127. The patient bit her tongue from time to time, and did not die 
in a fit, but collapsed and sank from exhaustion. This case may, therefore, 
be adduced as additional evidence in favour of the views put forward in 
the text. 
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CHAPTER IV. 

OX TMM ^^Tntar^r. TUUXlEEiT OF KPIUP8T. 

IxpiftrKT as B ihf ptesenl state of our knonledge of the patfao- 
kwcfel axtttooDij and proximate causes of epHspsy, and of our 
KiiaaiBCaDce with the comiexioii of the nerreal inflnenoes whidi are 
capaUe «:< excking and maintaining the disease, the oandition of the 
■wiikal tieaowitt oi this misenble malad v is equally, if not stiH 
morr defeetiiY. 

1b no depamnent of medicine does a more rade empiricism 
pivvail. All kinds of secret and open remedies aie tried without 
di»(iiKtiony and a proper rational treatment, of which there is soch 
gmt need, can scarcelj be said to exist; a state of things dependent 
on total ignorance of the natuie and essence of the diseaaey as well 
as of the causes which excite it, and of the peculiar morbid changes 
whi\*h ket'p it up. Eventhing rests upon loose conjectures, upon 
the temporanr fame — now of this, now ot another remedy; in fact, it 
has often appealed to me that many physicians, when called on to 
treat epilepsy, take refuge in a great box full of all kinds of 
medicines, among which those whereof they know not even the 
ingredients, occupy no small place. Now, they close their eyes, 
grope blindly in the box, take out a remedy, and compel the 
unfortunate patient to venture the slight chance that, among the 
hundreds of remedies contained in it, this is exactly the one suited 
to his state and the nature of his illness. Meanwhile the first period, 
in which this disease, like insanity and other affections of the nerrons 
system, may be cured, passes by unhappily and unused. 

If a physician has had the rare good fortune, by means of any 
remedy, for example, flowers of zinc, nitrate of silver, ammoniated 
sulphate of copper, or indigo, to cure an epileptic patient, and if he 
be asked, what he has accomplished with his remedy, how it lias 
worked in the systism, and what change it has produced, to which 
the patient's recovery should be attributed, he shrugs his shoulders 
and thinks it is enough that the patient is restored, and that he is 
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thereby justified in treating all subsequent epileptic cases with the 
same remedy, firom which he once thought he saw so much 
advantage deriyed. 

I need not say that such a mode of treatment and such views 
differ widely from rational practice and theory, nor are they in 
harmony with the present position of our knowledge of the 
functions and connexion of the nervous system. 

7ar as I am from being able to undertake to cure every subject 
of epilepsy^ — as unhappily the majority, after having in vain employed 
all kinds of remedies, at last seek assistance when the period of 
leoQvery is already past — I am convinced from five and thirty years' 
experience in the examination and treatment of very many epileptic 
patients, that in the commencement, as I have just now stated, 
epilepsy is a disease which, at least in the great majority of cases, is 
very capable of rational treatment. 

In order briefly and clearly to explain the principles of such 
tieatoient, as it is not now my object to write a maniial on epilepsy, 
^ I may refer to the leading points brought forward in detail in this 
work, in which the essential nature of epilepsy consists. 

We have seen that this is to be found in an exalted sensibility 
of the medulla oblongata, rendering the latter liable to discharge 
itself through the operation of any irritant, whether cerebral, from 
inflanmiation or tubercle, which may have developed itself in the 
' brain ; or through psychical influence. We have also seen, that irrita- 
tions in the intestines, or of the organs of generation have a powerful 
reflex action on the medulla oblongata, and by their exciting 
influence may produce epilepsy. 

It is, therefore, of the greatest importance to remove, or to 
diminish this exalted sensibility, this greater or less congestion in 
the medulla oblongata, and at the same time to get rid of the remote 
cause, which we must endeavour to discover. 

An example may explain this. A chQd, for instance, is attacked 
with epileptic fits or convulsions, and the physician discovers that 
the little patient is tormented with worms, which, as is well known, 
often give rise to such diseases in children, though they are not so 
likely to produce them in adults as many suppose. The practitioner 
gives one or other anthelmintic remedy, and the remote cause is 
taken away ; many worms are voided, and the child recovers. 

Now the physician has indeed fortunately attained his object in 
the recovery of the child ; but can we, therefore, call this treatment 
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perfecdy rational P Hundreds of children are tormented with worms, 
but are not therefore necessarily epileptic; there must consequently 
be still a nearer^ a disposing cause^ which has given rise to epilepsy. 
The exalted sensibility of the medulla oblongata must be moderated, 
without which the child would not have been attacked with epilepsy. 
Now^ if the physician had at the same time employed suitable 
external derivative means to moderate this exalted sensibility in the 
medulla oblongata^he might have been said to have treated the patient 
quite rationally^ and to have combated both elements of the disease. 
In this manner recovery would probably have been more speedily 
and more certainly attained ; for it is not always sufficient to expel 
the remotecause^ in this case the worms^ to obtain a cure. And| 
nevertheless^ this proximate cause of epilepsy^ this affection of the 
medulla oblongata is exactly the point to which medical men ui 
general pay the least attention. 

On account of the importance of the subject^ I will endeavour 
somewhat more distinctly to explain in what manner, in my opinion, 
we can best attain this object, namely, the moderating of the exalted 
sensibQity of the medulla. 
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CHAPTER V. 

ON THE MEANS OF COHBATINa THE PROXIMATE CAUSE OF EPILEPST. 

We have above seen that the source of epileptic convulsions must 
be sought in the exalted sensibOity of the medulla oblongata^ with 
the vascular dilatation and further results to which it gives rise. Con- 
sequently^ in a rational mode of treatment, the &st question which 
occurs is, in what manner we can moderate and wholly overcome 
this abnormal sensibility P 

I have tried many remedies, with a view of directly obviating this 
exalted sensibility and tendency to involuntary reflex movements. Or- 
dinary narcotic medicines, opium, morphia, belladonna, hyoscyamus, 
&c., did not fulfil this object : indeed, more or less congestion of the 
head attends the use of these remedies ; which must rather aggravate 
the tendency of the vessels in epilepsy to dilatation and congestion, 
in consequence of which these agents do not act advantageously in 
that disease. But there is still another and greater dif&culty. The 
question is not to remove exalted sensation, or pain, for these do not 
occur in epileptic patients ; but to moderate the exalted capacity for 
reflex action, and so to counteract the convulsive movements. Now 
sensation is, indeed, blunted by these narcotic remedies, but on the 
contrary, the capacity for reflex action is exalted by them, so that 
they tend to a greater evil, the production of convulsions. We must 
clearly distinguish between these two conditions. Thus, for example, 
chloroform removes the perception of sensation, but the capacity for 
reflex action is usually increased by it, just as in a frog whose head 
has been cut off, where no perception exists, but the reflex move- 
ments have become so much the more active. Thus, too, epileptic 
attacks are usually so much promoted by chloroform, that this agent 
has been recommended as a means of distinguishing true from 
feigned epilepsy ; and in the few cases in which I have tried chloro- 
form, I found severe epileptic attacks to ensue, which deterred me 
from its farther use. I now flattered myself that I should attain my 
object by another medicine, 
s 
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Wf art iroe thii sdrdmiji cxiHb the etpnaty for rrflex action 
ia SI extzaordinaiT deerrr, and gnres rise to qnsmsy and finally to 
rkism ctmraisoDs and ictanvs. Nov it is wdl knovn, that if we 
gire strrchnia to animals^ so as to prodnoe oonvnisionsy and tlien 
adsdsister oonia, these conrnlaons eease, and the animal becomes 
izisxcsauiT psrahxed. Gnia, Uke aone other medicines^ does not 
exciie ccoTiiJbiocs^ hot appcan to destroj the activity of the spinal 
cckA, tke awinal sniki dovn paralytic and dioa. I flattrrnrl mysdf 
tbai a amaD dose of eonia slioald therefoie diminish the reflex 
cafKiiT for cpBepsj, and that I ahoold thns haife found a means of 
dnrctly ronovn^ the jamiaiale caose of the disease* 

I nov gare tfaia remedy to three epikptics <^ long-standing 
(asaoqg vhom was an nnmanied woman aged thirty), who wen all 
anncked erery eight or cferen days, sometimes at longer, sometimes 
at 5hoffteT interr jIs, with violent epileptic fit j^ and with whom I had 
almdy in rain tzied sercral remedies. I prescribed a thirti^ of a 
grain of conia three times a-day. So early, however, as on the aeoond 
md third days I was obliged to giro np this medicine; as in all 
thrre patients the attacks were increased so ver^ mnch in sereiity 
and number, that srreral violent fits occnned in one day. I saw 
that the rrdex action was not diminished bat exalted by the drog, 
and that I had tried a most injnrions medicine in epilepsy. This 
restrained me from any further experiments with such remedies. 

Manv vears before I had endeavoored in another manner 
to act directly npon epilepsy. For, as a sufficient afflux oi arterial 
blood is required for ereiy exercise of the nervous system, I imagined 
that by moderating the vascular action, I should diminish the deter- 
mination of arterial blood, and so be able indirectly to counteract 
the exahed sensibility of the spinal cord. With this object I pre- 
scribed digitalis for several epileptic patients ; and in fact perceived, 
that the attacks were in some remarkably abated, when the pulse 
had become slower. I found that for this purpose an infusion of 
digitalis acted better than the powder. In one case, where no dimi- 
nution of the attacks nor of the pulse followed the administration of 
powdered digitalis, the fits ceased for six months, under the cau- 
tiottslv continued use of an infusion of the herb. SubsequenUy, 
however, they returned, in consequence of onanism, to which the 
patient had anew addicted himself, and which appeared, moreoverj 
to be the cause of liis epQepsy, and now the digitalis had no longer 
any effect, perhaps on account of changes and vascular dilatation 
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in the medulla oblongata^ resulting from the last attack. The 
patient afterwards fell into a state of complete dementia^ with 
incurable epilepsy. This postponement of attacks I have observed 
in several epileptic patients under the use of an infusion of digi- 
talis ; but I have not succeeded in curing a single case of epilepsy 
with digitalis alone. The remedy may, therefore, promote the cure, 
bat is not powerful enough to accomplish it alone. 

There remained now but one mode of attaining my object, namely, 
the use of external derivatives. And in fact, these are the remedies 
with which I have succeeded in curing several epileptic patients, 
among whom were even some old and desperate cases. So long as 
more than thirty years ago I had made use of them, when I was 
resident physician in the Suburban Hospital at Amsterdam, and I 
had occasionally seen benefit from their employment. Subsequently, 
however, after I had gradually recognised epilepsy as a disease of 
the medulla oblongata, the success of the more suitable application 
of these derivative remedies was more decided. 

FcNrmerly; I applied the derivatives to the crown of the head, and 
I have in fact in this mode obtained some surprising results in cases 
of very long-standing, where the brain itself was already affected, as 
I shall h^^ter point out. 

But the derivative applications answered better still, especially in 
more recent cases, in the neck, whether as an issue, or as a seton 
jdaoed as high as possible. Sometimes, nevertheless, I observed that 
in very sensitive patients the application of a seton caused too great 
irritation, so that at first an increase of the attacks ensued, which, 
however, after the application of cupping-glasses with scarification, or 
of leeches, and under the use of an infusion of digitalis, or of a solu- 
tion of tartar emetic, in a little time disappeared. For these reasons, 
I commonly commence the treatment in sensitive patients with an 
issue, which I afterwards change for a seton. 

If the patients are at all plethoric, the repeated use of cupping 
with scarification is very necessary, and is to be preferred to the 
application of leeches. By this alone I have often seen the attacks 
remarkably diminished. If the employment of cupping-glasses is 
difficult in children or sensitive women, I apply in two or three 
places, high in the neck, two leeches, near one another, and after they 
fall off I exhaust the blood by placing elastic cups over the bites, 
which, particularly in children, on account of the slightness of the 
neck, must be provided with a rather narrow opening. In this mode 

62 
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I haTe obtained the nuxre strongly demaihre actioii of capping- 
g]assesy while I hare avoided the soaking^ and the increaaed con- 
gestion of blood occasioned by wann pooltioes. 

In proof of the efficacy of this mode of treatment^ I will oommn* 
nicate a conple out of several cases. 

On the 26th of December in last year, 1866, I received bom 
W., of Koevorden, a letter, in which he requested my assistance and 
advice for the recoveiy of his son, of whom he gave me the foUowing 
detailed report : — 

" His son was strong^-bnilt, eighteen years ai age. Up to the 
age of four years, he was healthy, although full about the head. 
At this period, he was seized with a severe convulnve attadc, which 
left bdiind it a comparative amount of dulness. At the age of six 
or seven, he had again recovered ; he was, however, always brondi- 
itic, and was often tormented with a convulsive cough, which was 
of such a nature that coming £rom school he was entirely or almost 
out of breath. This shortness of breathing and cough could be re- 
lieved only by rubbing or slapping him rather smartly on the bade. 

''Although frequently coughing, and very much troubled wiA 
mucus in the nose, at the age of twelve or thirteen he improved; 
on which account he was sent to school, whence, after a continued 
stay of two years, he returned home in good health and spirits on a 
visit to his parents. On subsequently going back to school, he was 
very much affected and dejected, and was again much annoyed with 
mucus.'' (To the impression made by his separation firom his family 
the father ascribed the following changes for the worse in his state, 
which had, however, probably previously commenced, and had altered 
his sensibility.) 

" After the lapse of a short time, he began to complain of vertigo, 
which increased so much that he often fell down in a state of un* 
consciousness, while his bronchitic tendency remained unaltered. 
He now abstained from schoolwork ; but, in spite of the rest, the 
vertigo increased, his falls became more frequent, and the master 
was obliged to send him home. 

" On his arrival at home his state was as follows : — ^very ofl^en he 
was silent and reserved, stood up on a sudden from his chair, 
knocked about with his legs and arms, ran hastily some steps up and 
down in the room, sat down again on the chair, resumed his work 
anew tolerably calmly, and if this happened at meal-time, he reeoin« 
menoed eating, as it appeared, widi appetite. 
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''On being asked what was the cause of this behaviour^ he 
answered^ ' It seems as if some one called to me^ William ! come 
quickly, quickly ! * This was all he could say about it, he did not 
speak of pain«^^ (There were, therefore, hallucinations of hearing, 
probably from congestion in the medulla oblongata and the nucleus 
oi the auditory nerve.) " He was, however, not conscious when this 
attack came on : but he quickly came to himself again. At present, 
Uiifl is unfortunately not the case. 

''The attacks here described, about three and a half years ago, 
had much of the character of St. Vitus' dance, now they have be- 
come of a worse description. The medical treatment has as yet 
led to no favourable result. The father now wished to leave the 
case to nature, closely watching whether the use of the last pills 
(nitrate of silver), should subsequently have any beneficial effect ; 
bat he was persuaded first to consult me. 

" These attacks on one occasion ceased ^or a longer time, as in 
1855, when the patient continued free from them from the 1st of 
January to the middle of June, and during that time went to school 
aod church. But he was then terrified, by a fire in a mill, on which 
the attacks were renewed in a more violent form, and have now con- 
tinued for a year and a half with some intermission. During the 
past sunmier (of 1856), he was once more for some weeks free, when 
on a hot day, after he had again became bronchitic, and was 
coughing, running hastily towards one of his relatives, with his head 
congested, he was seized with a most violent fit. 

The attacks, as they latterly took place, are thus described by 

the father : — 

"In the attack the patient becomes first a little abstracted, begins 
to move his arms and legs, usually catches violently at his head and 
abdomen; the whole body is in a state of convulsive movement; 
in addition, rigidity of the arms and legs comes on, so that if not 
watched he would fSeJl down. He often foams at the mouth, the 
forehead is hot, a rather violent pulsation comes on in the pit of 
the stomach, the whole position in which the patient lies presents 
much of a bad convulsive character. There is also turning of the 
head and arms; the mouth is awry and usually open; the eyes 
going up and down, mostly wide open ; the face is purplish. (Gen- 
erally after one or two minutes he begins to cough, and then the 
great urgency is mostly over. Dulness, deafness, and drowsiness 
now ensue, lasting at most a quarter or half an hour; the patient 
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then fligbs or yawns violently ; the poise is nnsteady; the vaoi of 
eonacionsness produced by such an attack continues^ and the articQ- 
lation has been for fourteen days more difficulty slow, and sometimes 
stammering. His intellect is still occasionally clear; but the 
Citigue which follows the attacks often obscures it for a time. He 
eats slowly, and it would i^pear that swallowing is difficult.'' (£^- 
dent congestion in the corpora olivaria.) 

** After the end of the attack, the patient turns his head usually 
to the right, and appears to fix his eyes on some particular object ; 
he rectifies this, however, when his attention is called to it. The 
stiSness of the arms and legs is always present in the attacks. 

** On the very least exertion, even on the most trifling question 
being put to him, or on the slightest reflection, an attack generally 
ensues, sometimes violent, sometimes less severe. The patient's 
mouth is frequently in motion ; he seems to chew or grind his teeth; 
this is not a good sign. (Commencing affection of the medulla 
{>blongata.) If this happens late in the evening, it often forebodes 
a restless night, together with attacks. He has little sleep, as little 
by day as by night. (Irritatio cerebri.) The attacks by day come 
on from ten to sixteen times, by night three or four times. It de- 
serves to be noticed, that at stool he almost always has an attack 
(from straining and congestion). When the attack has passed off, 
he makes the motion of swallowing, as if there were some irritation 
in the throat, and this precedes the cough; afterwards he groans, 
and the mucus is audible in the chest.'' 

I have thought it right to give this history mi exteiuo as it is re- 
ported by the father, though not a medical man, with more than 
ordinary falness and fidelity. Some days later I received, at my 
own request, a letter from the attendant physician, in which I found 
the foregoing confirmed, and observed that he had fruitlessly used 
different remedies, among which were anthelmintics, and latterly, 
nitrate of silver, so usually given to epileptic patients. No indication 
of onanism, in reference to which I made inquiry, was discoverable; 
but all the members of the family were of a very nervous temperament. 

I advised the physician to apply cupping-glasses, with scarification 
to the neck, every four or five days ; and when there was great con- 
gestion, to apply leeches to the nostrils, and perhaps also to the 
anus, as well as to establish an issue in the neck, with a view to 
change it subsequently for a seton, as I was afraid of too great iiri- 
tidiaii from the latter remedy at first. Internally, I prescribed an 
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infdsioii of one scrapie of digitalis in eight ounces of wftter, two 
spoonfuls four times a-dav^ with small doses of tartar emetic if the 
patient could bear them without nausea, in order still further to 
moderate the excited vascular action. In addition^ I recommended 
that a cold douche to the head should be used at intervals during 
the day. 

On the 20th of January, I received a report that the cupping- 
basses had been applied three times to the neck^ and^ as I had 
suggested^ in a couple of days after the first application the issue 
was established. The result was, thai, from the 8th of January the 
attacks, instead of fifteen times, had appeared but once or twice a-day. 

On the 11th of February I was informed that^ under the con- 
tinued use of the means employed (the issue with digitalis and tartar 
emetic, which he bore very well), the patient had, on the 22nd of 
January, an attack, on the 25th one, on the 29th one, on the 1st 
of February one, and that no attack had since manifested itself. 

In accordance with my former letter, the physician in attendance 
had been anxious to change the issue for a seton ; but the parents 
could not be induced to allow it. However, on the 1st of February 
a carbuncle or anthrax had begun to form in the neck, into which 
a^'crucial incision had been made, and which now suppurated very 
well ; so that nature herself had established a stronger derivant than 
the seton, to which the rapid and total cessation of the attacks is, in 
my opinion, partly attributable. The report added, that since that 
time the patient had become clearer in his mind, that all the functions 
w^e rqjularly performed, except that for a couple of days there 
were cramps in the lower extremities. I advised that the suppuration 
of the carbuncle should be kept up, and that an issue should be 
afterwards substituted for it ; insisted upon a moderate diet, es- 
pecially in the evening, as well as on exercise in the open air, and 
advised that the medicines should be continued. 

On the 16th of March I had a report that the attack had not 
returned, the carbuncle in the neck was nearly well and an issue 
had been again established. The douche was still persevered in; 
but the internal medicines had been given up. The patient was 
well ; no mention was made of cough or mucous expectoration. 

In the end of the following month of April, I was informed of 
his complete recovery.* 

* According to a report receiyed at the end of last December, the 
patient continued well through the whole summer, without any further 
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Althongli the time the lecoveij has, lasted may^ be considered 
shorty I have thought this case very important as an example of 
idiopathic epilepsy^ for which at least I could discover no remote 
cause ; and at the same time on account of the undoubted and rapid 
result of the rational treatment^ after the disease had already attained 
to such a he^ht^ accompanied, as it was, with many threatening 
symptoms. I should therefore hope that if my advice as to moderate 
living, exercise, keeping the issue open, and employing a douche to 
the head, be followed, the patient will completely recover, the more 
so as his mental powers are much improved. 

If we now follow carefully the whole course of this case, we shall 
find a complete explanation of the phenomena, according to the 
principles above laid down, as arising from an affection of the 
medulla oblongata. 

medicine, but in the end of November, Having become corpulent and more 
plethoric, he was unexpectedly seised with a tolerably severe fit, which 
was subsequently followed by repeated attacks of spasmodic cough, and 
by returns of his former symptoms. Tartar emetic had been again em- 
ployed, but no cupping-glasses, nor any derivative applications, on which 
I have laid great stress, were used. It is now two months since I have 
heard of him. 

From accounts received since the publication of this Treatise, it appears 
that the patient's condition became worse and worse, so that he again had 
several fits in the day, and fell into a state of complete dotage. The issue 
had been closed in the month of May of the preceding year. The use of 
digitalis, tartar emetic, and leeches to the anus was of no avail, and hit 
parents obstinately opposed the insertion of a seton. On the 23rd of 
April, I prescribed for him four grains of flowers of zinc five times a-day, 
with a view of increasing the dose. The attacks persisted. On the 30 th 
of April, the seton was at last inserted. 

There now followed on the 1st May six attacks. 
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2nd 




one. 


3rd 




one. 


4th 




two. 


5th 




one very severe attack. 


17th 




one. 


26th 




one.' 



After this the fits did not return ; so lately as the day before yesterday, 
the 8th July, 1858, I received a confirmation of this result The patient's 
mental powers are again improved, his former irritability of temper has 
settled down ; he is once more at work ; takes long walks, and thus appears 
a second time likely to recover ; the seton produces abimdant suppuration. 
A stronger proof of the advantage of tJie early employment of active 
derivatives could scarcely be desired. 
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The foundation of the disease must be sought^ in addition to the 
bercditaiy tendency of a very nervous family^ in the violent 
convulsions^ in the fourth year of the patient's life, which, whatever 
may have been the exciting cause, proceeded from the medulla 
oblongata, indicating a high degree of irritation of that part, with 
great determination to the head. The abundant secretion of mucus 
and the cough are however remarkable. 

I have elsewhere shown that very often diseases of the chesty 
even phthisis, are results of an affection of the medulla oblongata, 
and of the vagus, which in this case acts eccentrically.^ Hence it 
is, that in the same family phthisis so often occurs in some children, 
while others are affected with insanity, and that many cerebral 
lesions, especially softening, in which the medulla oblongata at last 
commonly participates, terminate in thoracic diseases and pneu- 
monia. In the present instance this connexion is very evident; 
experience taught the parents at a very early period, that rubbing 
and even slapping the back, were the best means of relieving the 
cough, and thoracic spasm. We observe further, that the increased 
secretion of mucus and cough always preceded the attacks, and when 
the medulla oblongata had again discharged itself, diminished and 
disappeared. Subsequently, some cough followed every attack. 

Hie incipient affection of the medulla oblongata was also 
evidenced by the grinding of the teeth preceding each attack. The 
progressive implication of the same part, probably the result of the 
considerable vascular dilatation in the corpora olivaria, manifested 
itself latterly in difBlculty of speech and swallowing, while the affection 
of the extremities seemed to be rather secondary. The importance of 
the medulla oblongata in epilepsy is therefore clearly shown in this 
case, and is further illustrated by the powerful effect of treatment 
directed towards this part. 

I coidd communicate several cases of six or seven years standing, 
where, under a similar treatment, recovery has so far been permanent ; 
of still earlier cases I may suppose that the cure was also lasting, as 
I have heard nothing of any subsequent relapses. On account of 
the importance of the subject, I will, however, add another example. 

During the latter half of December, 1851, my assistance was re- 
quested by a young man of about seventeen, whose brother had been 

• Case of atrophy of the left hemisphere of the brain, in the Verhande^ 
Ungen der Eerste KUute van het Kon. Ned. Instit. 3* Reeks V. D., 1852, 
p. 67. 
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On ibe 31<< of JannaiT foUoviag, I was informed that the capping 
had been repeated once a week, and that in the intervals dry copping- 
fhases bad been several time applied to the neck; nevertheless, on 
the Sth of Jsnnarr the patient was again seised with an attack, as 
violent as those which had formeiiy occorred. Although he now 
lived verr rtgulariv, and was no longer addicted to masturbation, he 
had Utteriv again been much annoyed with nocturnal pollutions, 
even on one occasion recuinng cm four ocmsecutive nights, without 
any discoverable external infiuence ; suspecting that great conges- 
tion of the vesicube seminaks pnnnoted these emissions, I advised 
the application of six leeches to the perineum, and internally an 
infusion c^ digitabs with dilute sulphuric acid — subsequently to 
place a secon in the neck. 

On the 5th of February it was reported, that notwithstanding that 
cupping-glasses with scarification had been applied to the neck two 
davs previously, he had on the 2nd of that month had a fresh attack 
of ei^epsy, which was, however, diminished both in violence and 
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dujratioii; the leeches had not been applied to the perineunu At 
the same time the physician in attendance . infonned me^ that 
although the patient was habitually healthy^ in some weeks after a 
preceding epileptic attack various unpleasant affections began to 
manifest themselves^ as headachy mentd depression^ spermatorrhcea, 
be., &c., ending in an epileptic fit^ after which his state again became 
ncxrmal. This had also been the case on the present occasion* . 

Subsequently^ on the 11th of Aprils I received a fresh report. On 
account of some tenderness of the neck^ the insertion of the seton 
was still deferred^ but was at last performed on the 27th of 
February. The results were very favourable ; not only did the attacks 
not return^ but the nocturnal pollutions were remarkably diminished^ 
recurring only once or twice in the week. On a single occasion they 
took place on the alternate nights. 

Three weeks before^ the patient^s state had caused apprehension of 
an approaching fit. He was dejected^ his breathing was oppressed^ 
he was melancholy, weary in his limbs, and very uncomfortable. 
There were no objective phenomena of any disease ; the physician had 
therefore satisfied himself with watching the above symptoms^ and on 
the following day they had all disappeared. Eurthermore, he had 
observed, that the dilatation of the pupil, which had always been 
very considerable, was now much diminished. He still continued, 
with an interruption of some days, the infusion of digitalis with 
sulphuric acid. 

In the following month I received a visit from this patient, when 
he thanked me for my advice, as he had still continued free from 
the attacks. His face appeared much clearer, his spirits were more 
lively, his business, in which I still reconmiended him to be very 
cautious, was easier to him. 

In August in the same year, he came to pay me another visit, 
feeling extremely happy at his recovery. He had for a considerable 
time been again daily occupied at his office, without suffering any 
inconvenience &om his attendance. The nocturnal pollutions had 
become very infrequent, and did not occur oftener than is usual at 
his time of life. He still kept the seton always open, he had already 
two months before discontinued the digitalis and sulphuric acid. He 
now went for change of air to a country place belonging to his aunt. 
Ten days after he returned to me completely depr^sed and melan- 
choly ; he was quite disappointed, had lost all hope of recovery ; for 
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he had again had a severe attack^ early in the morning, after a disturbed 
uneasy sleep intemipted by dreams. 

On making inquiry as to the exciting causes, I found that the 
evening before he had been regaled with rice and boiled milk, to 
which he was not accustomed, and although he had already eaten 
enough^ had allowed himself to be persuaded by the hospitality of 
his hostess to take a second portion. I set him at ease^ by explaining 
that he was indebted for this attack solely to the immoderate use of 
this not very digestible food ; impressed upon him the necesaitj of 
moderation for the future, especially in the evening, when he ought 
to eat scarcely anything, particularly as the fit usually came on 
towards morning, as is the case with many epileptics. He was to 
continue the use of the seton. I subsequently learned, that at the 
end of six months he had another attack from an accidental cause;, 
since which time to the present he has continued perfectly well ; the 
seton has been kept up for about a year and a half. 

This case too, is in many respects important. The close connexion 
between nocturnal pollutions and epilepsy is in it very remarkable. 
Onanism is commonly considered, and often correctly, to be a cause 
of epilepsy ; but onanism and excitement of the sexual organs are to 
a greater degree than is usually supposed, the result of irritation 
and congestion of the medulla oblongata. 

The opinion formerly advanced by Gall, as to the localization of the 
sexual impulse in the cerebellum, has been sufficiently refuted, and the 
close relation between the medulla oblongata and the action of the 
genital organs is generally received by physiologists.* Let it su£Bce 
to call to mind the occurrence of erection and emission in persons 
hanged, how the sexual action is exalted in idiopathic mania with 
irritation of the brain and medulla oblongata, how, frequently after 
injuries of this part, erection and emission, or perhaps impotence is 
observed. Kilian succeeded, particularly in pregnant Guinea-pigs 
{Cavia cobaya), in exciting movements in the uterus or tubes, by 
irritating the medulla oblongata.t In the case of epilepsy I have 
just recorded, this influence was very evident ; the emissions disap- 
peared for a time, when the sensibihty and over irritation of the 
medulla oblongata had again discharged themselves in a fit. By 
cupping alone the fit was moderated, but this means was not suffix 
cient completely to overcome it ; after the introduction of a seton, 

* See among others Longet, TraiiS de Phyiiologie^ t. II., p. 201 . 
t Henle, Zeittchrififur rationelU Medicin, 1851, I Heft. 
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only premomiorj sgns mtnifested themselves ; bat the epflepsy and 
excessiTe pottntioiis had ceased. It is but a short time since a 
similar case occorred to me, of a young man who was xmable to con- 
tinue his studies legnlarly on account of epilepsy, apparently origi* 
nating in onanism. A few days ago I receired a report, that for 
the last three montiis, after an issne had been, by my advice, esta- 
Wshed in the neck, neither the inrolnntary pollutions, which in this 
case also were frequent, nor the epileptic attacks, which commonly 
returned every two or three weeks, had again appeared, while the 
patient's head had become much clearer, and he was able to continue 
his studies.* 

This return of deamess of head I have always obserred, when I 
succeeded in checking the epileptk attacks. Not long eince, 1 re- 
ceived an account of a girl, now about five-and-twenty years of ^e, 
for whom I was consulted seven years ago, for violent epileptic fits, 
which conunonly returned two or three times a week, and had pro- 
duced deafriess and apparent idiocy, so that she could not appear 
in society. With her, too, I succeeded in overcoming this 
apparently highly unfavourable state by means of a eeton in the 
neck, and within the year she was completely cured of the epilepsy. 
She has now been for a couple of years engaged with much succem 
in the education of children in her capacity of governess in a wealthy 
family in England. 

Bare as is recovery from epilepsy of long-standing with idiocy, a 
physician should not be too ready to despair, especially if the patient 
is still young. In such cases, I have twice observed a wonderful 
effect from derivants to the head, which, on account of the import- 
ance of the subject, I will briefly state. 

Li the year 1828, having acted for a couple of years as physician to 
the Suburban Hospital at Amsterdam, I was very much struck with 
the number of old epileptic patients there, and as I hail seen only 
occasional and very transient advantage from any internal remedy, I 

* While this work was passing through the press, I received the report 
of the case of a powerful plethoric young epileptic patient, in Meerenherg, 
in whom the disease had lasted a jear and a half, and who had^ in I8M, 
recoTered after repeated leeching and cupping of the neck, with the inU*mal 
use dl digitalis and cathartics, and had since continued well, 1 als«> 
received the history of a second case, in which numerous fits recurn^d in a 
single day, in a strong young man, cured in the Asylum at Rotterdam, 
by the application of cupping-glasses with scarification, and, suhsequf'ntly, 
of a large blister to the neck. The latter case was under the care of 0. 
Vrolik, the sealoua physiciaii to tha Asylum. 
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wished to try what effect a powerfallj derivatiye applicaticm to the 
head might have. I therefore determined to apply to the head^ in 
six epileptic patients^ all cases of long-standing, the actual cauteiy^ 
which^ if it is applied qnickly and with a steady hand^ seems to 
canse scarcely any pain. In all the patients operated on^ this was 
followed by temporary improvement, which in some lasted firom two 
to three months. Among them was a lad of seventeen^ who had for 
several years been epileptic in consequence of fright^ and was now 
nearly idiotic; he had usuaUy two attacks in the nighty and seldcmi 
remained free during the day. After I had tried different other 
means^ I applied^ on the 2nd of February, 1823, the red-hot iron to 
the head, a little above the occiput, without his seeming to have any 
perception of it; in fact, he believed what I had told him, that I 
was applying a warm plaster to his head. 

On this, the attacks immediately ceased, and after ten days some 
fever set in, probably in consequence of the irritation of incipimt 
suppuration under the bum ; the patient's countenance was brighter, 
and his spirits were better. He continued free until the 22nd 
of February, when he was seized with two fits, which in three 
days after were followed by another. As his bowels had be- 
come torpid, I gave him a laxative. The fits did not now return; 
his dulness had quite given way, and he had begun, with much 
success, to learn to write in the Hospital. On the Srd of June in 
that year, however, a very severe storm came on, with the extraordi- 
nary heat of 94^ F., in which, after a loud clap of thunder, he was 
anew attacked with a violent fit. The sore on the head had mean* 
while been closed for the last two months, as the patient appeared 
to be quite recovered. On the 7th, three attacks ensued; on the 
10th two; on the 11th three. The disease so increased, that on 
the 20th he had no fewer than seven violent epileptic fits. Leeches, 
and even a small bleeding from the arm, which 1 employed in the 
fear that encephalitis might set in, were of no avail ; the blood was 
not inflamifiatory. 

I therefore determined to repeat the application of the hot-iron, 
which was done during a free interval on the 20th. The same evening 
a fit came on, but was much less severe. The 22nd, seven ensued, 
but were much less violent and were shorter. From this time the at- 
tacks were always lighter ; on the 28th, the patient had three attacks. 
While during the more violent fits, a week earlier, he had become 
quite dull and deaf, his countenance now regained its former vivacity, 
bis dulness had disappeared, andhe began once more to speakveiy weH. 
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Erom ihifl, ihe attacks b^an again regularly to dimhiiah in 
sereritj and nnmbor, nntil, on the 20th of Jnly^ he was for the last 
time affected with a rerj sli^t fit. 

Since this time;, his health was qnite restored, his mind was dear, 
and he seemed to possess considerable ability for business. I kept 
him under my care until November, when I could no longer oppose 
his wish to advance himself in life. Two years later, I found that 
he had made veiy good progress in his trade, and had not again been 
soixed with an qpilqptic fit. 

On account of its remarkable character, the reader will excuse the 
insertion of one case more. 

Towards the dose of the year 1845, my assistance was requested 
by a gentleman from Amstcordam, on account of the tmhxppj state 
of his son, aged about seventeen, who, after suffering for some years 
firom epflepflj, had now become quite dull* His int^llectiial 
powers w%te werj sli^t, and he was incapable of doing anything ; 
the attacks^ which varied in degree, weie of almost daily otAmrttsntjn, 
Even at an eariy period of life he had often been attar;k#^ with 
viident convulsions, which seem to have laid the friundatiz/n tm f!ffU 
Iqpsy; I was not informed of any other eanses of th#; atta/;k»« 

After I had treated him fcft some months with diKitalii, M//w«rs 
of mne, and at the urgent request of bis paf#mUi, with a mf^ 
called secret remedy, consisting of zedoary ro^/t an#i di/rtarnniis slbiis, 
without any advantage, and had morer>ver, ^/n/;^ a|/f/liisd U^4'\\tmf hm\ 
inaected a seton in the nedc, withont any myfffUm ^k*nf(«' \m^\hu, 
been effected, I at last explained to his btb^r, thai //iily Uhm tm 
single pkn did any slender hope rmtMin, \mi that i\m t.hitiism 
was very slight, and this consisted in makinff a Iminift^*^ wHu$h 
through the skb, on the crown of the htm/A, an/l Ir^j/inf; fli^; itmio/I 
in a state of s uppurati on by the imMsti//ri of \i^'jm. 

After some time the lather ammnUA ; i\m f^imfitiMh ^tIh/ If M» v^y 
easy, and has this advantage over tb#; S$fMftm, tlN#t M )s li^s 
terrifpng, and by the hsnnorrhag^; wJii/A miti^AiitUljf Mmiif tt¥UiHii Ijf 
acts as a derivative, was su#!«e«af«illy f/^ft^ff^M, t^f9m ^lst« IsImi^, 
the fitiher left town with his mm, inJuh^, IMH, Myl UtrnfUiu ii*MiUin 
firmn him, I looked upon the iatlirr as s Umi imiU^ni^ 

At last» after the bpse of a y««r, I ws^jyi'^l s I^M^ir tlt^ui llii. Itlli 
of July, 1847, in which the fatbw atm^^A Um^^t tttP IisvImm im-oI 
me no report, and stated that h*- imd wmU*'4 flisi Uf wi*^i U Uii. M.«Hlr 
The wound in the head was brpt oi^h sll Mhs lim^, thi^Uin ^kn 
first three months, Jnlj, August, an/1 lU^ifiMmtM, t ^in, lh*» |miI^h(^ 
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had between sixtj and seventy attacks; in the then j»eTa3ing 
epidemics, be had also been affected with fever, though slightly, and 
for a short time. Later in the antmnn, the fits began perceptibly to 
diminish both in violence and number, which improvement continued 
regularly, though slowly, so that in May and June, 1847, he had 
only three or four attacks of but very slight severity. Scmietimes he 
continued sixteen or seventeen days free, without any drawback. 

His mental powers, although not greatly developed, were remark- 
ably improved: writing, arithmetic, &c., progressed satisfEictorily, 
whOehe had a situation in a factory. The only peculiarity he manifested 
was tolerably constant irritability of temper. It was, however, 
extremely important that from time to time, instead of an attack, 
hsmorrhage took place from the wound with the effect of greatly 
clearing his head. The appetite was good, but moderate, without 
the greediness which had existed at an earlier period, when he 
suffered from the violent attacks. 

In the middle of summer, the fits at last whoUy ceased, and 
his clearness of mind progressed. But in the summer of the foUow- 
ing year, 1848, the lad caught cold, which produced catarrh, and 
left a persistent cough, becoming more and more obstinate, and 
about which I was at last, in November, called in consultation. I 
was then grieved to find him in the last stage of phthisis pulmonalis, 
of which he died in the beginning of December of that year. The 
epileptic attacks had not returned. 

From this case it is particularly clear, that idiocy, or apparent 
dementia after epilepsy, is quite a different disease frt>m dementia 
after idiopathic mania, which always depends upon degeneration and 
atrophy of the cortical substance, and is incapable of cure. 

With respect to the employment of transverse incision on the 
head, I should observe, that this operation is not to be indiscriminately 
adopted. In some plethoric and excitable constitutions I have seen 
congestion, and with it even epilepsy increased by the continued 
inflammation, at least during the first period; but in indolent 
systems it may be tried as an extreme measure. The incision must be 
made transversely down to the pericranium through a length of three 
or four centimetres (about an inch and a half) . In this case the edges 
of the wound are separated from one another by the action of the 
frontal and occipital muscles; if the incision be made longitudinally the 
hemorrhage is less, and it is almost impossible to keep the wound 
open. 
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CHAPTEE VI. 

ON THE MEANS OF COMBATING THE BEMOTE CAUSES OF EPILEPSY. 

Impobtant as it may be so far as possible to counteract tbe proximate 
cause in the medulla oblongata, and thus more directly to control 
epilepsy, this mode of treatment would, however, be very incomplete 
if we rested satisfied with it, and thought we had nothing else to do 
than to apply in all epileptics cupping-glasses, with scarification, to 
the neck, and to insert a seton. This would be to return to the 
irrational, rude, empirical system of medicine formerly pursued. It 
is unnecessary here to produce any further proof of the effects of 
irritants, even in remote parts of the body, in keeping up the 
sensibility of the medulla oblongata. 

Among all the regions of the body there is none, the brain ex- 
cepted, which reflects more strongly on the spinal cord and the brain 
than the intestines and sexual organs. 

That in children epilepsy arises from worms, is well known ; but 
it is not true that this statement is equally apphcable to adults. I 
scarcely remember to have seen an example of epilepsy in adults 
proceeding from this cause alone, or cured solely by anthelmintics ; 
and, nevertheless, because this is the case with children, who are so 
much more sensitive, it is argued that an anthelmintic treatment 
must be applicable to nearly all epileptic patients, whether there be 
signs of worms or not. For the sake of brevity, I shall in this part 
touch only upon the principal points. 

The cause in the intestines may consist in some irritation or in- 
flammation of the mucous membrane, whether connected with gastric 
symptoms or dependent on other sources. But it may also be situated 
in a peculiarly exalted sensibihty of the sympathetic and vagus 
nerves, which are the routes whereby the reflex action is conveyed to 
the medidla oblongata. The two causes require difierent remedies. 
As to the first, it is of much importance. If the irritation of the 
medidla oblongata is great, epileptic as well as maniacal patients 
win be very greedy; they will overload the stomach, causing 
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increased congestion and redness of the face; a state to be 
especially avoided at supper-time. In sleep^ in consequence of 
the slumbering state of the brain, the tendency to reflex action is 
exalted^ a^condition which occurs also during the use of chloroform, 
whence it is that epileptic patients are so usually seised with fits to- 
wards morning, to which the promotkm of congestion by the lower 
situation of the head, may contribute its share. It is for these 
reasons of the greatest importance to keep peptic patientB on a 
strict diet, as without tiiis precaution most remedies directed against 
the source of epilepsy will be unavailing. This I have iUnstrated 
in the second case, where an attack was excited by a copious meaL 

In some epileptic patients this sensibility of the intestines is exces- 
sively great. In a case of epilepsy, in which there was, however, a ten- 
dency to constipation, the administration of a neutral salt as a laxative^ 
whidi irritated the bowels, was sufficient to bring on the epileptic 
fit. After I had kept this patient for a long time free from all 
attacks, the latter returned after he had partaken of shrimps^ 
which were too heavy for his digestion. A very prudent diet and 
daily attention to the bowels are;, therefore, primary requisites for 
the success of treatment, and the withholding of all stimulants, as 
wine, spirits, &c., is very necessary. The details of the treatment 
of an irritated state of the intestines can be deduced from the 
general rules of therapeutics.'^ 

As to the second point, moderating the exalted sensibility of the 
sympathetic nerve, belladonna seems to me to be, of all remedies, the 

* Probably it is by its action on the mucous membrane of the intestines, 
that in some cases the artemisia vulgaris may be useful in epilepsy. With 
it I have sometimes succeeded in greatly retarding the attack. 

I cannot, however, pass over in silence a case communicated to me by 
a physician who had become afraid of this remedy in consequence of 
having, in some instances, found that the attacks remained away for a long 
time, but that a violent fit at last ensued, in which the patient died. It 
hence appears, as might indeed have been expected, that this medidne does 
not remove the sensibility of the medulla oblongata. If this part has 9nce 
attained such a degree of increased activity as to discharge itself from 
time to time, we have already seen, that the longer the attacks intermit, in 
an ordinary epileptic patient, so much the more violent is the fit which 
next ensues, so much the stronger is the discharge. If the physician had 
not acted empirically, but if he had at the same time employed derivative 
applications to the neck, to moderate the exalted activi^ of the medulla 
ol^oDgata, he would most probably have avoided this unfortunate result, 
and have saved the patient. 
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most satisfactory. This medicine acts specifically on the intestines. 
Thus laxatives, for example, watery extract of aloes, with the addition 
of belladonna, are exceedingly useful in heartburn, spasms, and es- 
pecially in constipation, which long experience and a great number 
of post-mortem examinations, have satisfactorily proved to me to be 
almost always dependent on constrictions in the descending colon. 
This state, moreover, exercises a powerful reflex action on the brain 
and medulla oblongata, as is shown by the melancholy with which 
it is so often connected. In these cases, the stricture is removed and 
the laxatives act infinitely better, in consequence of the addition of 
belladonna. I suspect that it is in this the principal use of the remedy 
lies, which is recommended by so many in epilepsy, though they do not 
state the indication for its employment in that disease. I have myself 
seen advantage from it, but I have never succeeded in permanently 
curing an epileptic patient with this drug alone. Among narcoticSf 
belladonna appears by no means to produce so great congestion as 
many others ; yet we must avoid too great doses. Opium, on the con- 
trary, very much increases the capacity for reflex action and promotes 
congestion.* 

The same is true of the sexual organs. Although we have seen 
that onanism is often the result of congestion and irritation of the 
medulla oblongata, this does not prevent its reacting most injuriously 
on epilepsy, and so long as it continues, rendering the disease wholly 
incurable. Of this I have above given an example (page 258). ^ 

What I have stated holds good with respect to both sexes; for 
even among females, this vice is not so rare as is supposed. 

That amenorrhoea will at the same time have an important in^ 
fluence, as the upward current of blood must, under such drcum- 

* In a remarkable case of a yomig man, who in a fit of despair had 
swallowed a number of lucifer matches, and fortunately recovered by 
vomiting, great sensibility of the stomach remained, and after some lime 
epilepsy ensued, alternating with frequent spasmodic cries, in which, wUh 
distortion of the face and turning his head, the patient uttered involmi. 
tary sounds or words. By the cautious use of acetate of morphia, I 
succeeded in curing the epilepsy, but the spasmodic cry has long resisted 
all remedies. In this case the morphia moderated the sensibility of the 
stomach, and thereby prevented the recurrence of the epilepsy as a reflex 
action on the medulla oblongata. I have also seen the intensity of the 
attacks in epilepsy very much diminished by hydrocyanic acid; in other 
cases the latter did not succeed. The variabili^ in the effects of the me* 
dicine depends on the exciting cause of the epilepsy and not on the remedy. 

t3 
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stances^ be greater^ is sufficiently illostotted by hysteria and other 
examples. It is especially important that the physician should 
attend to floor albns^ which^ when long continued, exercises a very 
injurious influence on the nervous system, and frequently leads to 
melancholy, mostly of a religious character, but may also very much 
promote epilepsy. Thus it is likewise remarkable, how uterine con- 
gestion, hypertrophy, and prolapsus may act injuriously. Two 
instances occurred to me of obstinate melancholy with prolapsus, 
where the melancholy gave way at the very moment'when the uterus 
was replaced. In epilepsy also this deserves attention. 

I need scarcely add, how important a healthy state of the blood 
is for the due performance of the functions of the nervous 
system, and that in chlorotic constitutions, for this reason, 
preparations of steel are capable of rendering exceUent service in 
epilepsy. 

True epilepsy, indeed, rarely occurs from deficiency of blood; 
although various hysterical symptoms and convulsions are connected 
with, and excited by this condition. The experiments of Sir Astley 
Cooper are well known, who by tying the carotids, and com- 
pressing the vertebral arteries in rabbits, produced unconsciousness 
and convulsions.'' These causes are, however, so apparent^ that no 
physician can easily be mistaken in them. 

Not less important is the opposite evil, which more frequently 
occurs, the too violent action of the vascular system, characterized 
by a full and bounding pulse. It is admitted that general bleeding, 
especially if copious, is almost always injurious in epilepsy, as 
well as in mania. Under the general abstraction of blood, the 
sensibility of the nervous system is exalted, and the fits increase. 

I have almost always found the employment of cupping-glasses 
with scarification, the application of leeches to the nose, and some- 
times to the head, in the last case keeping up the bleeding by 
means of elastic cups (a very excellent method), to be satisfactory, 
and I have never seen any injurious results from this plan. I have;, 
also, often seen this mode useful when employed in remote parts, for 
example, the application of leeches to the anus in hsemonrhaidBl 
congestion, amenorrhcea, &c. Experience has convinced me that in 

* Astley CoopeTi Some Experimenti and Obtervatiofu &h i^frngf ike C mr oHd 
and VerUhral Arteriet, etc, in Ouff'9 Ho9pUal Reporti, VoL I., ^-^^^■^l—j 
1836, p. 465. Also in Romberg, Lehrbueh dtr NervenkratMtiUn, hBt^t 
Abtb., p. 567. See also above, pp. 227 et $eq. 
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^Soviildoas in yoimg children, even wliere there is & tendency to 
hydrocephalus, it ia much more advantngeous to place one or (wo 
leeches on the calf of the leg, than on the neck, or to the head : 
they have in the former situation a much more powerfully derivative J 
effect, and give less trouble with the after-bleeding. I 

In further moderating this excessive vascular action, 1 found the ^ 
greatest benefit from tartar emetic alone, in powders or pills, in 
which forms, on account of its slower absorption, it is less likely 
to produce nausea and vomiting {in these cases to be avoided) thau 
in solution. I have also seen digitalis often render efficient service i 
as an auuhary in the treatment. I 

It i» superfluous to say that attention to the state of the skiiij I 
cold bathing, verj- cautiously employed at first, much exercise, 
aud the regulation of the whole mode of life, will be of great 
importance. I have frequently seen the daily use of a cold douche 
to the head advantageous, cootrolliDg the congestion. | 

Lastly, what must we think of the numerous far-famed specitica m 
in epilepsy ? I have already remarked how sadly wc are in the dark I 
upon this subject, and how indiscriminately these medicines an ^ 
adniimstered. If, however, we examine into the mode of action of 
some, I believe tliat we shall be able to form a few rules in ' 
reference to their use. 

For example, as to the nitrate of silver, with which an epileptic 
patient has now aud then been cured {although often as I have 
tried it, I have never been successful), it is certain that the remedy 
does not act on the medulla oblongata. With large doses we may i 
excite irritation and infianuuation iu the stomach and intestines, but I 
not convulsions or symptoms of direct action on the spinal cord. I 
It is, however, well known, that nitrate of silver is an excellent ' 
remedy in irritation, o'r chronic inflammatiou of the mucooa 
membrane of the intestines, and as the irritation which exalts the J 
sensibility of the medulla oblongata so often starts &om this poin^ I 
it 13 not surprising that this medicine should occasionally be givea ] 
where such a cause esistp. It is also known, that by its continued 1 
use, under which the patients become blue, the latter sometime^ I 
though not always, continue free from epilepsy. I have seen caseiil 
in wliich great blueness had occurred, bnl where the tiiiUu-v lun. 
rinued. Perhaps the above favourable rent** = ■ 
the fact, that in these instances tlie nitr 
o^y in the skin, but, » the land 
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Ftofessor J. vanOenns^ has diown me, also in the intemal parts^ the 
peritonsemn, especially the kidneys^ perhaps also in the nervous 
system^ and that it may here produce an alteration in the sensibility.* 
^Hiis theory is^ however, too doubtful to justify us in running the 
risk of discolouring a patient for his whole life^ for the sake of so 
uncertain a result. 

Sulphate of copper^ too, of which I have made more use than of 
the auunoniacal sulphate, as the latter appeared to me to be more 
irritating to the bowels^ is^ as many observations on maniacal 
patients have convinced me, an excellent tonic in weakness of the 
bowels, exciting the appetite, promoting digestion, and counteracting 
the tendency to liquid motions. In epilepsy I have seen no advantage 
flrom it, and I have but seldom employed it in this disease. 

The action of oxide of zinc appears to be somewhat different. In 
small doses I have never derived any advantage from it; in large 
doses, given after Herpin's method, I have^ however, in several cases 
seen great benefit from its use, and have even witnessed recovery 
flrom epilepsy, when the patient had, for example, reached a dose of 
one drachm daily. My experience on this subject does not agree 
with that of J. Moreau, who in his very excellent prize essay on 
epilepsy, states that in nine cases, which he reports at fall length, 
he saw absolutely no benefit derived from the employment of this 

medicine.t 

That flowers of zinc exercise some sedative and calming influence 
on the nervous system, has long been known. They possess this 
property in common with many other remedies, which in large doses 
excite vomiting, especially with tartar emetic ; the latter, however, 
irritates the mucous membrane more, but also, has a more strongly 
depressing action, while the flowers of zinc do not appear to irritate tbs 
mucous membrane of the intestines, but to moderate their sensibility. 
In large doses they promote the regular action of the bowels, the 
pulse usually becomes softer. It appears to me, that in this sedative 

* The pia mater and arachnoid were indeed coloured blue, but the sub- 
stance of the brain and the spinal cord differed but little from the ordinary 
colour ; only some parts had assumed a light-grey colour. See Vertlagen 
«fi Mededeelingen der Koninkl, AkacL, 3* Dl., 2* St, p. 176. 

[I have, on another occasion, translated the observations of Professor 
van Geuns in reference to this subject, which may be found in the Dublin 
Quarterly Journal of Medical Science, Vol. XXVI., p. 244. W. D. M.] 

t J. Moreau. De Vitiologie de PEpHepsie, Memoire couronnif in the Jl/e- 
movrei de VAcadimie ImpSriale de Midecine, Paris, 1854, 1 18, p. 143. 
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pofwer of the flowen of siiio upcm tbe iniertmesy its occaflioiially HBe- 
fdl action in some cases of ejnlepsy resides. I haTc observed most 
effect from it precisely in those instances where the intestines were 
most sensitive, where irritation in the bowels^ whether from slight 
indigestion, or from the nse of a Lizative, easily occasioned an epi- 
leptic fit. It appears to me to be probable, that the flowers of zinc 
also, although in a pecoliar mode, act on the sympathetic nerve ; 
while the gently laxative action, whereby under its use in these large 
doses the bowels become regulated, may promote the beneficial effect 
of the remedy.* 

Of indigo and many other so-called specifics, I have never made 
use. As their physiological action was unknown to me, I had no 
definite indication for their employment, and without this, such an 
empirical proceeding always app^ffed to me to be equivalent to 
dealing in a lottery, to which I would not subject my patients. But 
I may add, that in a remarkable case, in which, after an attack of 
local inflammation of the dura mater, the inflammation began to be 
developed also in the brain, but was successfully combated by ^ very 
^tive interference, epileptic fits commenced to manifest themselves 
in the course of the treatment. On the accession of such a fit, the 
patient's wife gave by mistake, in place of some spirit she had at hand, 
a bottle with liquid ammonia, which she held under his nose, with the 
fortunate result of cutting short the fit. Subsequently, the patient 

* That the flowers of sine do not exercise a direct influence on the me- 
dulla oblongata, I had, however, evidence, after I had sent in this Essay 
to the Royal Academy of Sciences. A highly esteemed physician to 
one of our institutions for the insane, to whom I had recommended the 
use of large doses of this preparation in epilepsy, experienced excellent 
effects from it in several patients. In three or four, to whom he had 
given the remedy to the amount of eighty grains daily, the attacks were 
remarkably diminished in number and intensity, and the patients were 
improved. One patient, however, whom my friend had shown me as appa- 
rently recovered, had had no more attacks, but, according to a later report 
received from the physician, had got such violent convulsions, that he 
despaired of her life. Under the use of cold applications to the head, 
cupping to the neck, and subsequently of arnica, she fortunately recovered. 

He further communicated to me, Uiat one of his extern patients at the 
institution, whose epilepsy had already lasted five years, had, under the 
daily use of eighty grains of flowers of zinc, continued for two months 
free from any attack; so that he already flattered himself with the 
prospect of success, when his patient unexpectedly got such a violent fit, 
accompanied with expectoration of Wood, as had never before oeeoired. 
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completdy recovered firom both d&ctious, and ctill oontinaes, after 
a lapse of twenty years quite welL Bat certainly caution would be 
i^pcessary with this remedy. 

Should these observations and hints tend to cause physicians, by 
adopting clearer views of the true nature find origin of epilepsy and 

This attack passed into sopor and paralysis of the longs, and terminated 
after some hours in death. 

In this case, therefore, what I had before observed with the Acres 
artemisie, took place. For want of discharging itself, the nervous power 
seemed to have accumulated so much in the ganglionic cells of the m^ 
dnlla oblongata, that at last a fatal explosion ensued, which would not 
have been the case if the flowers of sine had been able directly to moderate 
the exalted action of the medulla oblongata. I wrote back to the phy- 
sician, that if he had in these cases placed a strong derivant in the neck, 
most probably this fatal result would not have occurred. 

In none of the patients had this large dose of eighty grains any iigurious 
effect upon the bowels. 

I therefore think we may assume, that the flowers of zinc in these cases 
of epilepsy, moderate or destroy the sympathetic or remote action on the 
medulla oblongata, and so diminish or stop the attacks ; but that, if in 
cases of longer standing the tendency to increased action in the ganglionic 
cells of the medulla oblongata has become habitual, this remedy cannot 
prevent its explosion, and it is, therefore, always of the greatest importance, 
at the same time to place a powerful derivant in the neck. 

The investigations of Dr. Kroon, of Amsterdam, in reference to the use 
and action of lactate of sine and valerianate of atropia, are important. See 
his Dissertation on Epilepsy {Over EpUeptie^ Sfc) 1859) ; the following is a 
summary of his results : — 

Of twenty epUeptic patients, three recovered under the use of lactate 
of sine ; eleven were improved ; in six it was inactive. The three who 
recovered were under the age of sixteen, and in them the disease was of 
recent occurrence ; the fits commenced with an aura ; all three bit their 
tongues dunng the attack ; they were all very excitable, and the epilepsy 
was sympathetic, in two, the aura started from the digestive, and in one 
from the sexual organs. Of the eleven who were improved, eight were 
women, all unmarried; three were men. Of the eleven, ten bit the 
tongue. The treatment was continued during five months. Of these 
eleven, six continue so much better as to afford hope of recovery. 

The six patients (five women and one man), in whom the remedy was 
unavailing, were all cases of long standing, and what is remarkable, ^v^ 
of them did not bite the tongue; in four, the epilepsy had ohgiaally been 
hysterical, but had subsequently become idiopathic, with extremely violent 
fits. 

The author hence infers : — 1. That lactate of sine acts most favourably 
in young patients, in whom the disease is of recent origin. 2. The remedy 
deserves to be recommended in many cases of sympathetic epilepsy, pai»- 
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six v^n^ iiKtt« TW)r 
Of tke BJBe wwMm. four bit (1m> UminM^ 

kSagaTair lae pri*vfiTtt Lad co distiiiet aura, imd ilir tiu camr \ui 

the o&It one of $hoii ()nrAtton« 
seemed to be most u«ef^U in tdi^w 
patfaic qpiiepar, ctcb wWb of Umg standin|r. The eijrhteen |>aiient« in 
whom it had w> h raefina i effect, were dtstinimished fW^m the tiHeen. whor^ 
the ict c iic fihfained : 1. Br the fact that in the formeri the diMOAne waa 
of an hjsteiical character, and that the attacks were in part of a uliirhtt^r 
nature ; bj these patiente the remedy was in general not home, iinti in 
consequence of their exeessive sensibUitT, it rapidly excitetl toxionl ph0* 
nomena, while in them the lactate of sine proved useAil. U. M«Mt of i\\tm^ 
bit their tongue, and all had an aura epileptica, which >»as not (ht* nma 
in thcMe improred bj the valerianate of atropia, 3, In many of thi^nt 1I10 
attacks were of recent origin. 

Those, on the contrary, who improved under the yalerianatr of atnipia 
exhibited in a much slighter degree only trifling toxical symptonm, ho ihat 
the remedy could be given to them in much larger doMS. From all his 
observations, the writer infers that : — 

1. Valerianate of atropia causes iBapmyem—t s 
standing, where the prognoeis is ib otte leqpi 



282 TREATMENT OF EPILEPSY. 

treatment of this diaeMse, — ^I sIibII eatean myadf extron^ l^ippj in 
hsTingy as a conclnsion to mj fiye-and-thirty yean' experienoey 
acattefed some seeds, whidi I tmst a mofa joutbM aad Yigorous 
« geoeation maj bring to greater growth and maturity. 

2. This remedy is always contra-indicated in hysterical epileptics on 
account of the yiolent toxkal symptoms it produces. 

3. It is in general borne better by men than by women, L c. p. 75. 
From the author's farther inrestigations, whidi at my suggestion were 

extended to snimals, as wdl as firom the toxical phenomena to which the 
Talerianate of atropia gives rise (dilatation of the pupil, impeded den- 
tition, &C.), it would appear that this medicine acts directly on the medulla 
oblongata, and as this part is irritated in hysterical epilepsy, the valerianate 
seems in such cases to act too violently, and therefore to be injurious ; 
while in cases of long standing it is better bon^e, and thenseesas to lessen 
the tendency to reflex action and to fits. 

The lactate of sine, on the contrary, seems, as we have seen of the oxide 
of sine, to act rather on the sympathetic nerve than directly on the medulla 
oblongata, and thus to be useful in hysterical and sympathetic epilepsy. 
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CONCLUSIONS 

FBOM THB PATHOLOOICAL FABT OF THIS TBSATI8E. 

1. As the two sides of the medulla oblongata are more intimately 
united by a much greater number of transverse fibres and com- 
missures than any oUier part of the cerebro^spinal system^ and as 
the mnltitodinons groups of ganglionic cells there situated appear 
to be destined for bilateral reflex action^ as is evidenced in the acts 
of swallowing, respiration^ &c. — so the morbid excitations and 
affections of this part are likewise distinguished by bilateral reflex 
phenomena, in the form of spasms^ and epileptic convulsions. 

2. Unilateral lesions of the spinal cord or of the brain^ do not 
excite local bilateral actions ; it is not until such irritation has com- 
municated itself to the medulla oblongata that bilateral convulsions 
arise^ the influence producing which proceeds from this part and 
affects first the nerves of the medulla oblongata, but may subse- 
quently extend to other nerves. 

S. Accordingly, convulsions and epilepsy first commence with 
convulsive movements in the face, the tongue, and the muscles of 
respiration; it is not until the disease has made further progress 
that the extremities take part in these movements. 

4. The special seat and starting-point of these convulsive move- 
ments is situated in the ganglionic cells of the medulla oblongata, 
which, as reflex ganglia, possess the peculiar property, that when once 
brought into an excited condition, they may more or less suddenly 
discharge themselves and communicate their influence to different 
nervous filaments. After their discharge, a certain time is again re- 
quired to bring them to their former d^ree of excitability, and to 
render them capable of fresh discharges, just as we see to be the case 
with electric batteries, or in the phenomena of an electrical fish. 

Hence, a sL'ght attack of epilepsy, whereby these cells are not 
completely discharged, is usually followed more quickly by a second 
attack, while a longer free interval generally succeeds to a severe 
fit. 
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5. For the restoration of activity in the ganglionic ceUs^ a suffi- 
cient afflux of arterial blood is requisite^ and accordingly we find that 
the ganglionic groups of the medulla oblongata in general possess 
more blood-vessels than the grey substance in the spinal cord and 
in the brain. 

6. The exalted irritability and capacity for convulsive movements 
in the medulla oblongata is commonly excited by a remote irritant^ 
whether this proceed from the brain^ from one of the nerves of the 
spinal cord, from the influence of the sympathetic on the spinal 
cord, from the intestines, or the sexual organs. To the influence 
of such a remote irritant, epilepsy is very frequently due. 

7. In the commencement of epilepsy, therefore, it would seem 
that no apparent organic change exists. Bapidly, however, probably 
in consequence of the repeated congestion, the presence of a more 
albuminous intercellular fluid between the nervous filaments is 
manifested, which may first cause more or less hardening, and may 
subsequently give rise to fatty degeneration and softening. In ad- 
dition, dilatation of the arterial capillaries, and thickening of their 
walls ensue. 

8. These blood-vessels in the medulla oblongata run chiefly in 
the region of the roots of the hypoglossus and vagus, as well as in 
the septum and in the corpora olivaria. 

The posterior half of the medulla oblongata, from the fourth ven- 
tricle, in epileptic subjects, appears on a transverse section redder 
and more hyperemic, than in the normal state, whether the sufferers 
died during an attack or not. 

9. Epileptics may be divided into two classes; those who bite 
their tongues during the fit ; and those, in whom this never or ex- 
tremely rarely occurs. In the former, the capillary vessels are 
usually wider in the course of the hypoglossus and corpora olivaria : 
in the latter, in the course of the vagus. In these last, the disease 
is, on account of the greater tension in the organs of respiration, 
more dangerous, and the patients die during a fit, most frequently in 
consequence of arrest of respiration, which appears to occur less 
frequently in patients of the first class. 

10. This increased vascular dilatation, with thickening of the walls, 
whereby the afflux of arterial blood is augmented, and the ganglionic 
cells are more rapidly charged, and the altered exudation of inter- 
cellular fluid, appear to constitute the proximate causes of the 
incurability of many long-standing cases of epilepsy. 
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11. Dolneas and appaient Amfntw, in consequeiice of epflepsr, 
afford no sofficient prooCi of mcmabSity^ and must not be con- 
founded with dementia after acute mania. Dementia after epflepsj 
appears to be the result of pvessnre on the grey substance of the 
brain, in consequence of the distention of the blood-vesseLs, and dis- 
appears again after the cessation of the attacks. Dementia after acute 
mania depends upon degeneration of the cortical substance and is 
incurable. 

12. Attacks of unconsciousness, with little or no spasms, depress 
the mental powers much more rapidly than spasms withont loss of 
consciousness. 

13. For the rational treatment of epilepsj, it is requisite that we 
should fulfil the two following indications : — 

I. To diminish the excessive sensibility of the medulla oblongata, 
and to moderate, if necessary, the superabundant determination of 
Uood to these parts. 

XL So far as possible to expel or remove the remote canse, which 
by its action on the medulla oblongata keeps up the increased 
capacity for morbid reflex movement and dischai^ of the gang- 
lionic cells. 

14. A very frequent remote cause of the disease is an exalted 
nervous action of the bowels or sexual organs, whence a reflex action 
on the medulla oblongata arises, producing epilepsy ; bnt the remote 
causes occur also in the brain. 

16. Most so-called specific remedies, as flowers of zinc, nitrate of 
silver, artemisia, and other drugs, appear to act by moderating the 
great sensibility of the irritated intestines ; but have no direct influ- 
ence on the medulla oblongata. 

If by this mode we succeed, especially in a chronic case, in abating 
or postponing the attacks, a more violent fit may ensue after a longer 
interval, and may occasion a fEital result. On this account we must 
simultaneously act on the medulla oblongata, and endeavour to 
diminish its GLalted sensibility. 
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epilopsy. 2S0, nole — on ralerianate 
of attopla in the same 381 , note. 

RresuAliL and Tehmgr, their important 
treatise on epilepsy refeirod t 
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Lactate of lino in epilepsy, Dr. Kbdon 
on - . - . 300, nar«. 
Law of DerTons dittribntion - - 
Lingnal nerre, *ee Iiypogloiaiit. 
MjkBSBiLL Ball, eicito-motor nerres 
of, 46, 65 —on epilepsy, referred to, 
S 1 0. nott — tracbel iimtu of - 313 
Ualerialism of Pflukgek, refoted 7fl 
Medulla oblongata, the probable leat of 
leniation, 79. 93, nott — the prin- 
cipal centre of reSei moTsmenu 
and conTulsions, BO — aoatomiear 
and physiological natninatioo of 
the, 87 — importance of the, 87~ 
diSerenee between the stmcture of 
the, and o( the spinal cord, 90— 
caose of the increased ihicknets of 
the, 95— bilateral functions of the, 
101, 309 — decussation of Ihenertei 
or the, 102 — origin of the nerfea from 
the, 1 18 — aecauory ganglia in the, 
[40, 303 — fatty degeneration of the, 
150,341 — parts of, co-operating in 
deglutition, 190 — teeapltulation of 
facti relating to the, 300— patho- 
logy of the, 207— ehangei in the, 
In epilepsy, 234— -dilatation of the 
capillary Teasels of the, in epilepsy 
343 
Motor and sensitiTe roots, eomp«rati>e 
thicknees of - - - 66 
Motor nerre*. origin of the roots of the 

Motor ocali ^e^>^ conneilon of the, 

with the abdoeent 
MoTemenij, co-ordination ot 71. 7i— j 

seat of the caose of Ui^ 

lion of - - 
HtiacDlaraetion, mdfa 
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MascaUr umerTatioii, mode of - 59 

Notto. the ftidml, 1 16» the auditory, 121, 
the abducent, 128, the fifth- 132 

Nerre-roots, oonnexioD of the mnlti-poUr 
ganglionic cellf with the, 39— con- 
nexion of the, with the brain, 4 1 — 
origin of the motor, 4 1 — origin and 
course of the seosorj - - 45 

Nerree of the medulla oblongata, decus- 
sation of the, 102— origin of the 

116 

Nerres, origin of the, 3 — roots of the 
motor, origin of the, 41 ^-sensory, 
seat of the decussation of the 1 13 

Nerrous distribution, law of - 6 

Nitrate of silrer in epilepsy, 277 — dis- 
coloration of the skin by - 277 

Nuclei, hypoglossal and accessory, rela- 
tion of the - - - i05 

Nucleus, great pyramidal, of Stilling 

143 

Obliquity of the tongue in paralysis 109 

Paralysis, obliquity of the tongue in, 
109— of the face, 120, fio<0— unila- 
teral, inaccuracy of the term- 1 87 

Passions, expression of the, influence of 
the corpus oliraria in the - 180 

Pathology of the medulla oblongata, 
207— of epilepsy - - 231 

Pktkn, (Dr. J.), on the peripheric ter- 
minations of the motor and sensitire 
nerre fibres, referred to, 7 note 

PrLUCGER, ( E.), materialism of, refuted, 
76 — importance of his laws of reflex 
action, 8 O—obserTstions on codtuI- 
sire morements . - - 222 

Posterior horns of the spinal cord, 
structure of the, 45— marginal 
fibres of the - - - 49 

Protrusion of the tongue in epilepsy 239 

Reflex action, theory of, 68 — Pflueqer's 
laws of - . - - 80 

Reflex nature of shrieking - . 76 

Reflexion through the commissures 73 

Regimen, importance of, in epilepsy 

268 

RxMAK, one of the first to doubt the 
direct course of the nerres through 
the spinal cord into the brain, 2 — 
his contributions to our knowledge 
of the structure of the spinal cord. 



Rbk AK eontimied. 

25— «n the existence of molti-polar 
cells in the sympathetic nerra 26 

Respiration, theory of, 185— influenoeof 
the will on, 187 — ^impeded, in epi- 
lepsy - - - - 252 

Ramus (Professor), on the oliTary 
bodies ... 148, noU 

Scalp, incision of the, in epilepsy - 27 1 

ScHi rr, iuTestigation of the spinal aird 
by - ... - 26 

ScHiLLUiQ, (G.) inresttgations in refer- 
ence to the origin of nerres, 19 — 
on the transTcrse fibres of the apinal 
cord, 42—00 the posterior nerre- 
roots ..... 46 

SCBEOKDaa TAJf DXR KOLK, Uw «f 

nerTous distribution obserred by, 6 
— on the origin of nerres, 9— oo 
the examination of the a^nal eord 
by means of chloride of caldam, 30 
—on the nature of the transrerse 
fibres of the spinal cord - - - 43 

Sensation, in the gnf matter, question 
of, 77-'probableseatof, 79, 99^ note 

99 

Sensitire roots, dirision of the, 65 — and 
motor roots, comparative thickness 
of 66 

Sensory nerres, seat of the decussation 
of the- - - - - ll3 

Seton, efficacy of the, in epilepsy 263 
note. 

Shrieking, reflex nature of - - 76 

Silrer, nitrate of, its employment in 
epilepsy, 277 — discoloration of the 
skin by. Professor yam Geuhs on, 
referred to - - - 2/8, note. 

Skin, discoloration of the, by nitrate 
ofsilrer .... 277 

Sneezing - - - - 186, 188 

Sound, unexpected, efiects of an - 1 27 

Speech, lesions of, in morbid conditions 
of the corpora oliraria - 149, 164 

Spinal cord, historic sketch of inresti- 
gatioDS as to the structure of the, I 
—methods of examining the, 29 — 
structure of the, 34— transrerse 
fibres of the, 41 — commissures of 
the, 53— central canal of the 18, 
24, 55, 91 — ^rarying sise of the 
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Spinal Cord continued. 

anterior homs of the, GS^slight- 
ness of, in certain fishes, 64 — differ- 
ence between the structure of the, 
and of the medulla oblongata 90 

Stilliko, his mode of examining the 
spinal cord, 29~on the transTerse 
fibres of the spinal cord, 41 — im- 
portance of his works on the me- 
dulla oblongata and pons Varolii, 
88— great pyramidal nucleus of 

143 

Stilling and Wallace, their Tiews 
of the origin of nerres - - 3 

Strychnia, absence of pain after exces- 
sive doses of - - - - 77 

Sturgeon, minuteness of the spinal cord 
of a 64 

Swallowing, nerres engaged in - 190 

Sympathetic nerre, Rxm ax's discorery 
of multi-polar cells in the - 26 

SzoKALBKi on instinctiTe moTements, 

99, note 

Tartar emetic in epilepsy - - 277 

Temperature, increase of, in couTulsions 

229 

Todd and Bowman, on the functions 
of the nerrous system, 6 — on the 
transrerse fibres of the spinal cord, 
43— on the functions of the columns 
of the cord - - - - 46 

Tongue-biters in epilepsy, table of 245 

Tongue, obliquity of the, in paralysis, 
109 — protrusion of the, in epilepsy, 

239 

Torpedo, composition of the electrical 
lobes in the brain of the - 18 



Trachelismns of Marshall Hall- 21S 

TransTerse fibres of the spinal cord. 

Stilling on the, 41— nature of the 

43 

Treatment of epilepsy - - - 254 

Trigeminus, 1 32— connexion between the 

auditory nerre and the, 123 — portio 

major of the, course of the, 133— 

numerous relations of the, - 185 

Uniformity of muscular action - 61 
Unilateral atrophy of the brain - HI 

Vagus, commissure of the - - 189 
Valrntin, on the connexion of the 
nerres with the brain - - 2 
Valerianate of atropia in epilepsy, Dr. 
Kroon on - - - 281, noU 
Van Dxrn, his experiments on the spinal 
cord, referred to - - 4, 13, 14 
Vessels, capillary, of the medulla oblon- 
gata, dilatation of, in epilepsy 242 
Vital point, Flovrxns* - - 189 
ViTisections, unsatisfactory results of 88 
VoLKMANH on the origin of nerres, 4, 
on transrerse conduction - 5, 45 

Wagnrr (Rudolph), his Tiews as to the 
origin of nerres, 5-^iis essays on 
the organization of the brain and 
spinal cord, 23— on the oonnexioo 
of the sensory and motor nenreB« 
46 — on reflex action 66 

WiU, influenee of the, upon deglaUtion 

199 

Zinc, oxide of, in epilepsy, 278 — lactate 
of, in the same, Dr. Krooh on 289 
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